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John F. Holt, class of ’47 
“Expanding research 


speaks from experience when he says... 


and product development at U.S. Steel mean 


more opportunities for qualified engineers” 





VINCE 1952, John F. Holt has been 
~ Assistant Superintendent of the Coke 
and Coal Chemicals Department at 
United States Steel's new Fairless 
Works in Morrisville, Pa. He started 
working at U.S. Steel—as a trainee—in 
1947. That's a lot of progress in just five 
years. For in his present position, John 
is responsible for both the quality and 
the quantity of all coal chemicals pro- 
duced at the Fairless Works — about 
3,500,000 gallons of light oils per vear. 
190 hourly employees and 25 super- 
visory personnel report to him. 

But John’s case of rapid advance- 
ment is not unusual. U.S. Steel has 
always placed great emphasis upon its 
management training programs and 
has provided the kind of training that 
enables ambitious young engineers to 
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take over responsible positions within a 
comparatively short time. 

As one example, John feels that the 
opportunities in his own department 
are very promising at this time. He 
says, ‘Many important new concepts of 
modernization and expansion in such 
fields as the carbonization of coal and 
synthetic products are coming up every 
day pointing the way to extensive fu- 
ture developments. Well-trained engi- 
neers will be in a position to lead the 
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way into these new areas of industry.” 

If you are interested in a challenging 
and rewarding career with United 
States Steel and feel that you can qual- 
ify, you can obtain further information 
from your college placement director. 
Or we will gladly send you our in- 
formative booklet, ‘‘Paths of Opportun- 
ity,” upon request. Just write to United 
States Steel Corporation, Personnel 
Division, Room 1622, 525 William Penn 


Place, Pittsburgh 30, Pa. ? 
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Jerry Loucks asks: 


What sort of 


work would I do 


on my first 
assignment 
with Du Pont? 





CHARLES W. LOUNSBURY, Jr., worked at 
Du Pont’s Chambers Works for three summers 
before he received his B.S. in Chemical Engi- 
neering from Rensselaer Poly. Inst. in 1940. 

Since then he has taken an M.S. from Carnegie 
Tech., and has been continuously employed on 
interesting assignments at various Du Pont 
plants. Today Charlie Lounsbury is Technical 
Superintendent of the Grasselli, N. J., plant of 
Du Pont’s Grasselli Chemicals Department. 


WANT TO KNOW MORE about working with 
Du Pont? Send for a free copy of ‘“‘Chemical 
Engineers at Du Pont,’’ a booklet that tells 
you about pioneering work being done in 
chemical engineering—in research, process 
development, production and sales. Write 
to E. I. du Pont de Nemours & Co. (Inc.), 
2521 Nemours Building, Wilmington, Del. 
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R. GERALD LOUCKS is currently working toward his M.S. in 
Chemical Engineering at Carnegie Institute of Technology. Jerry 
has served as president of his student chapter of A. I. Ch. E. and 
participated in intramural sports—besides finding time to play 
the trumpet in the R.O.T.C. and Kiltie bands. Right now, Jerry 
is giving a lot of thought to the selection of an employer. 


Charlie Lounsbury answers: 


? 


There is a great variety of first assignments at Du Pont, 
Jerry, depending on a man’s field of training and the gen- 
eral area of work he has selected. For example, I under- 
stand you’re interested in plastics, and you might start in 
development work on plastics, as I did. I worked with a team 
of more experienced engineers to increase the capacity of 
equipment used in producing “Lucite’”’ acrylic molding 
powder. This was a natural prelude to my next major 
assignment, where I acted as a liaison between Du Pont’s 
Design Division and the plant group—on the design of a 
new plant for making another form of “Lucite’’ plastic. 


Or take research work. Here a new man is generally 
assigned to minor research problems until he becomes fa- 
miliar with the general features and requirements of an 
industrial research program. 


A young man interested in sales may start in a plant or 
laboratory dealing with the products he will later sell; or 
he may join a group of trainees to learn selling techniques 
right from the start. 


A man aiming for production supervision may first spend a 
year or so in laboratory or plant development work. Or he 
may start as an operator—in a plant producing nylon or 
“‘Dacron’”’ polyester fiber, for example. In this way he ob- 
tains firsthand knowledge of his process, and establishes a 
bond of mutual respect with the men he’ll be working with 
on his major assignments later. 

In generai, Jerry, a man is chosen for a specific job within 
the scope of his major field of study. His first assignment is 
intended to help him make the best use of his abilities as 
prom) tly as possible. 
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There are no “blind alleys” at Pittsburgh Plate 


When you join the Pittsburgh Plate Glass organization, 
your opportunities are highly unusual 

You have the choice of aligning yourself with paint, 
brushes, chemicals, glass, plastics, or fiber glass. Each of 
these industries represents a wide range of products that are 
used in volume throughout the world. The divisions of 
PPG that produce them are much like sound, growing, 
vibrant companies in themselves . . . the kind that offer far 
reaching opportunities. 

Each of these divisions has its full complement of per- 
sonnel from top management to its specialists in many 
fields . . . from technical men in production, engineering, 






G 
PITTS &@U2 G 


PLATE 


power, maintenance and transportation to a first class team 
in business management, marketing, development, sales, 
advertising and promotion. 

Your opportunities therefore can extend not in just one, 
but in several directions. There are no blind alleys at PPG. 

PPG wants good men in varied fields. It has much to 
offer you from the very beginning and all during the time 
you are building your future. 

If you would like to become part of the progressive PPG 
organization, write today for more information. Just address 
Pittsburgh Plate Glass Company, General Personnel Di- 
rector, One Gateway Center, Pittsburgh 22, Pennsylvania. 


PAINTS e GLASS ¢ CHEMICALS ¢ BRUSHES e PLASTICS e FIBER GLASS 


Gtasd. C£OmPany 


319 PLANTS, MERCHANDISING BRANCHES, AND SALES OFFICES LOCATED IN 250 CITIES 


THE TECH ENGINEERING NEWS 











MISSILE SYSTEMS 


Research and Development 
Physicists and engineers at Lockheed Missile Systems 


Division are engaged in a group effort 
covering virtually every field of science. 


v= 





Missile Systems Division scientists and engineers discuss a new missile 
systems concept in light of tactical requirements. Left to right 

Dr. H. H. Hall, nuclear physicist; 1. H. Culver, systems development 
division engineer; Dr. R. J. Havens, research scientist; W. M. Hawkins, 
chief engineer; Dr. Ernst H. Krause, nuclear physicist and director of 
research laboratories; $. W. Burriss, experimental operations division 
engineer; Ralph H. Miner, staff engineering division engineer; and 


Dr. Eric Durand, nuclear physicist. 


Continuing developments are creating new 
positions for those capable of significant contributions 


to the technology of guided missiles. 


Scbbed, MISSILE SYSTEMS DIVISION 


research and engineering staff 
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HE tough job of lighting a match in a tornado will 

give you some idea of the problem of firing a jet 
engine on the ground. Even more difficult is refiring the 
engine in flight should a flame-out occur—especially at 
high altitude. 

Up there you not only have to reckon with low- 
volatility fuel but with rarefied air rushing through 
your engine at super-hurricane speed. Here, you can be 
certain, is a mixture that violently resists igniting! 

Our Scintilla division at Sidney, N.Y., developed a 
special ignition system with the answer: a super-spark 
hot enough to fry a rock and of sufficient duration to 
fire and refire jet engines quickly. It has worked so 
successfully that, today, Bendix-Scintillat Jet Ignition 
Systems have been selected as standard equipment by 
most of the leading jet engine manufacturers. 


~~ pe 
“Band” JET IGNITION 





Nation’s Foremost Source 


Bendix-Scintilla is known to engine people everywhere 
as the nation’s top source of supply for ignition equip- 
ment. Most military planes rely on our ignition, and we 
doubt if you can ride on a commercial airliner that isn’t 
sparked by Bendix-Scintilla. Your power lawn mower, 
farm or garden tractor or outboard motor may have 
one of our many types of magnetos developed for such 
applications. Leading automotive manufacturers experi- 
menting with turbojet engines in passenger cars, trucks 
and buses are using Bendix-Scintilla Jet Ignition. 


Continual research and years of practical field oper- 
ation have fitted us to anticipate and solve ignition 
problems; and that’s why engine manufacturers, seeking 
advice, talk to Bendix-Scintilla people. 
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PRINCIPAL DIVISIONS AND BASIC PRODUCTS 


ScCINTILLA, SIDNEY, N. Y. 
aviation ignition systems; industrial engine 
magnetos; diesel fuel injection; electrical 
connectors, ignition analyzers. 

RED BANK, EATONTOWN, N. J. 
electron tubes; dynamotors; inverters; 
AC-DC generators. 

BENDIX Rap1io, Towson, MD. 
radar; auto, railroad, mobile 
and aviation radio; television. 
EcLIPSE MACHINE, ELMIRA, N. Y. 
bicycle coaster brakes, Strombers* carburetors, 
electric fuel pumps, starter drives 
ZENITH CARBURETOR, DETROIT, MICH. 
automotive, marine and small engine carburetors. 


BENDIX-SKINNER, DETROIT, MICH. 
micronic filters. 

PaciFic, NORTH HOLLYwoop, CALIF. 
telemetering equipment; hydraulic and electric 
actuators; depth recorders; boat steerers 
BENDIX FRIEZ, TOWSON, MD. 
meteorological instruments, precision instruments 


and recorders. 


BENDIX PRODUCTS, SOUTH BEND, IND. 
automotive brakes, carburetors, power steering; 
aviation brakes, landing gear, fuel metering 


ECLIPSE-PIONEER, TETERBORO, N. J. 


aviation instruments and components; foundry. 


MARSHALL-ECLIPSE, Troy, N. Y 
brake blocks, brake lining, synthetic resins. 





CINCINNATI, CINCINNATI, OHIO 


. lights matches in 
; man -made to rnadoes | Sunes Compurer, sas arama CALIF. | 


digital computers. 
HAMILTON, HAMILTON, OHIO 
jet engine controls and aircraft pumps. 
LAKESHORE, ST. JOSEPH, MICH. 


power steering and automotive devices. 


Utica, UTica, N. Y. 


This chapter is part of the over-all story of Bendix 
Aviation Corporation, a story of successful work in develop- 
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automatic photoelectric 


ozone detector 


by D. F. Shrader, '60 


An automatic photoelectric instrument for con- 
tinuous measurement of the ozone in the earth’s 
atmosphere at low altitudes has been developed at 
the National Bureau of Standards. The system 
makes use of the optical absorption characteristics 
of ozone in certain ultraviolet spectral bands. It is 
expected that the development, which can deter- 
mine ozone concentrations of a few parts per bil- 
lion, will provide valuable information on air-mass 
movement and other weather phenomena. It is now 
being set up for use in a study of the Los Angeles 
smog problem. Other possible applications include 
the correlation of the visible deterioration effects 
of ozone on rubber with accurate measurements of 
ozone concentration in the atmosphere. 

Ozone is normally produced in_ significant 
amounts only at high altitudes in the stratosphere. 
Here short-wave ultraviolet radiation from the 
sun causes photochemical dissociation of the oxy- 
gen molecule, and the oxygen atoms recombine to 
form ozone. Because ozone is an active oxidizing 
agent, the presence of organic particles in the 
atmosphere, together with the effects of long- 
wave solar radiation and increased temperature at 
lower altitudes, results in the destruction of most 
of the ozone molecules below heights of 15 to 18 
km under normal conditions of atmospheric circu- 
lation. Thus, any appreciable quantity of the gas 


Figure |. Block diagram of the automatic photoelectric ozone detector. The 
device makes use of the strong optical absorption characteristics of ozone in 
certain ultraviolet spectral bands. A time-controlled mechanism changes three 
glass filters between the lamps and the detector so that radiant energy from 
the lamps is separated into bands primarily at wavelengths 253.7, 365.5 and 
405.0 millimicrons. From the ratios of the deflections for the different spectral 
regions, it is possible to determine ozone concentration down to several parts 
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found at the surface of the earth must have been 
transported there by some means. Diffusion is 
slow and hence for the lower altitudes may be dis- 
regarded. Therefore, any ozone transportation at 
a rate sufficient to upset the static balance at the 
surface of the earth must be due to general large- 
scale air-mass movements associated with cyclonic 
and anticyclonic conditions, together with local air 
circulation resulting from thunderstorms and the 
like. This fact makes ozone concentration meas- 
urements of value in studying weather phenomena. 

Ozone is an important constituent of the atmo- 
sphere because of its protective effect in absorbing 
short-wave solar radiation, but it is also highly 
deleterious to rubber and related organic products. 
Interest in the deteriorating effect of ozone on 
rubber materials has increased greatly in recent 
years with the development of new synthetic 
elastomers having varying degrees of ozone re- 
sistance. Although ozone is only one of several 
agents influencing the deterioration of rubber ma- 
terials under the complex conditions of exposure 
to weather, it frequently proves to be the most 
severe. Simple methods for accurate measurement 
of its concentration have been urgently needed. 

While various chemical methods for the meas- 
urement of ozone have been suggested or devised, 
most of these require close attention and give re- 
sults which are an average over 
an interval of time. The appa- 
ratus developed makes possible 
a physical method based on the 
strong absorption characteristic 
of ozone in the spectral region 
centered between 2,500 and 
2,600A (Hartley band). Using 
this spectral absorption, changes 
in the amount of ozone in the 
air are determined as a function 
of variations in the energy re- 
ceived at a detector from an 
ultraviolet source. 

In the present setup, a steady 
source of ultraviolet energy is 
placed approximately 1500 feet 
away from, and directed at, a 
sensitive photoelectric detector. 
A bank of five commercial low- 
pressure mercury are lamps is 
used as the energy source. The 
source is equipped with a glass 
tube that absorbs the 1,847A 
emission line of the lamps but 
transmits the 2,537A line and 
sv others of longer wavelength. In 
_ order to eliminate as far as pos- 

sible the effect of other sources 
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of the basic industries in which 
Bendix products play a vital role 
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CONSTRUCTION 


A SOUND REASON WHY Genoje“ OFFERS TODAY'S 
ENGINEERING GRADUATE AN UNLIMITED FUTURE! 


Diversification is an important asset in business. 

Especially so from the viewpoint of the engineer 
because: 

It encourages and promotes freedom of ideas. Keeps 
engineering ingenuity flexible and adaptable. In short, 
gives full vent to an engineer’s creative ability . . . 

While at the same time it provides a healthy, stable, 
secure foundation for both the company and the 
individual to build and expand. 

If diversification in business appeals to you as a 

raduate engineer, you'll be greatly interested in the 
Bendix Aviation Corporation. 

For Bendix is unlike any other company in America 
in its versatility, facilities, experience, range of products 
and different fields of engineering endeavor. Nearly a 


BENDIX AVIATION CORPORATION 


Fisher Building ¢ Detroit 2, Michigan 


A B ..idix representative will be at your campus socn. Make a note now 
to talk with him. Check your placement bureau for time and date. 
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thousand different products are produced by our 24 
manufacturing divisions. 

As a result, we not only offer a wide choice of 
locations coast to coast but also career-building oppor- 
tunities as broad as your ambition and ability in 
mechanical engineering . . . hydraulic mechanisms . . . 
electronics . . . magnetics . . . computers . . . servo- 
mechanisms . . . radar research . . .. metallurgy . . . 
solid-state physics . . . instrumentation . . . radiation 
detection . . . nuclear physics . . . guidance and con- 
trol systems plus many more engineering fields of 
challenge. 

Write for your copy of “Bendix and Your Future.” 
It gives the full story about Bendix, its products and 
employment opportunities. 
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Figure 2. Sections of a recorder tracing made with the NBS automatic photo- 
electric ozone detector. The record shows the fluctuations in ozone concen- 
tration at Washington, D. C., on April 3, 1953. 


of light that might fall upon the photodetector, the radiant energy 
from the source is modulated at 510 cps. This is done by means of a 
synchronous rotating sector disk driven at 1800 rpm. 


At the detector station the modulated light beam is picked up 
by a 1P28 photomultiplier connected with a tuned amplifier and 
recorder. A special photometer unit contains a mechanism for auto- 
matically changing optical filters over the photomultiplier. A set of 
three glass filters is arranged on a disk, so that alternate readings 
are made at three regions within the spectrum. The first of these 
is at 2,537A, the second at 3,655 and the third in the blue region. 
Each filter is placed in front of the photomultiplier for 15 seconds, 
after which the filter disk is rapidly moved to a new position for the 
next filter in the series. The fourth filter position carries an opaque 
shutter. Hence, during each minute a complete series of measure- 
ments is recorded. In order to correct for any scattered radiation 
from surrounding city lights, the moon, or other sources that might 
reach the photodetector, a shutter is automatically interposed in the 
light beam for about 1 minute every 15 minutes. 

3y means of a timing clock, the source may be automatically 
turned on before a similar clock starts the receiving apparatus. Like- 
wise, the clocks turn off the equipment at a prearranged time each 
night. As all the components are controlled by timing clocks, the 
equipment requires no personal attention during periods of opera- 
tion. Only day-time servicing and noting of weather data are re- 
quired. 

As the radiant energy from the five source lamps is extremely 
low after being transmitted approximately 1500 feet, the modulated 
source and the tuned-circuit amplifier are required in order to elim- 
inate the zero drift resulting from the variable dark current in the 
photomultiplier. The photomultiplier is commonly operated at about 
70 volts per anode, which results in a voltage amplification of the 
detected signal of about 100,000. Following this, a tuned a-c ampli- 
fier (with a voltage gain of several thousand) is employed to im- 
prove the signal-to-noise ratio and to obtain sufficient voltage for 
operating a standard strip recorder. 

3ecause of the sensitivity of the photomultiplier to voltage 
changes, a carefully regulated power supply is essential for pre- 
cision work. The power supply used contains many of the circuit 
clements commonly employed in conventional units to keep the out- 
put voltage constant over a wide range of input voltage. As the 
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for America’s young 
engineers with capacity for 
continuing achievements in 

radio and electronics 


Today, engineers and physicists 
are looking at tomorrow from the 
top of this tower... the famed 
Microwave Tower of Federal 
Telecommunication Laboratories 
...a great development unit of 
the world-wide, American-owned 
International Telephone and 
Telegraph Corporation. 

Here, too, is opportunity for 
the young graduate engineers of 


America . . . opportunity to be 
associated with leaders in the 
electronic field ...to work with 
the finest facilities ... to win rec- 
ognition...to achieve advance- 
ment commensurate with 
capacity. 


Learn more about this noted 
Tower of Opportunity...its long- 
range program and generous em- 
ployee benefits. See your Place- 
ment Officer today for further in- 
formation about FTL. 


INTERESTING 
ASSIGNMENTS IN— 


Radio Communication Systems 
Electron Tubes 
Microwave Components 
Electronic Countermeasures 
Air Navigation Systems 
Missile Guidance 
Transistors and other 
Semiconductor Devices 
Rectifiers * Computers * Antennas 

Telephone and 
Wire Transmission Systems 


Federal 
Telecommunication 


Laboratories ix 


A Division of International 


Telephone and Telegraph Corporation 
500 Washington Avenue, Nutley, N. J. 
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electric load of the amplifier is 
relatively constant, little atten- 
tion need be given to regulatory 
devices to cover load variations. 

Because the outputs of low- 
pressure mercury-are lamps are 
affected by their operating tem- 
peratures, large changes in tem- 
perature of the lamps used in the 
present apparatus are eliminated 
by enclosing the five lamps in a 
box. The radiation from the 
lamps emerges through a small 
quartz-glass window installed in 
one side of the box. 

Selective scattering of radia- 
tion by the atmosphere has been 
neglected in the ozone measure- 
ments. However, the effect of 
this scattering is small, and any 
error resulting from it is much 
less than that caused by other 
erratic changes in the atmos- 
phere. Furthermore, it is as- 


sumed that any scattering by | 


dust particles is non-selective 
and therefore does not affect the 
transmission ratios on which the 
evaluation of ozone is based. 

Absorption by various impuri- 
ties in the atmosphere, such as 
smoke or other combustion or 
chemical vapors associated with 
industry or housing, produces 
errors of unknown magnitude. 
Hence, the method cannot safely 
be employed where any vapors 
having absorption in the ultra- 
violet spectrum (at the wave- 
lengths of the mercury emission 
lines) may be_ intermittently 
present. Many chemical and com- 
bustion vapors are known to 
have high ultraviolet absorption. 
Chimney vapors from the burn- 
ing of coal, for example, when 
blown into the light beam cause 
erratic recorder tracings. 

For daylight operations, this 
instrument must be properly 
shielded from scattered sunlight. 
Radiations in the spectral region 
of 3,200A to 4,000A, which are 
present in sunlight, will overload 
the 1P28 photomultiplier and 
will make its modulated response 
non-linear. When better filters 
become available, it should be 
possible to confine the response 
to those wavelengths that are 
not present in sunlight. Daytime 
operation would then be as con- 
venient as night-time use. 
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Here is an ideal way 
for the engineer or 
physicist with some 
aptitude for writing to 
enter the field of advanced 
electronics. In this 
relatively new and 
expanding area you can 
make immediate and 
effective use of your 
academic training while 
acquiring additional 


experience. 


HUGHES 


RESEARCH AND 
DEVELOPMENT 
LABORATORIES 








Hughes Research and Development 
Laboratories are engaged in acontinu- 
ing program for design and manufac- 
ture of integrated radar and fire con- 
trol systems in military all-weather 
interceptor aircraft. Engineers who 
produce the maintenance and opera- 
tional handbooks for this equipment 
work directly with engineers and 
scientists engaged in development of 
radar fire control systems, electronic 
computers, and other advanced clec- 
tronic systems and devices. 

Your effort in the field of enginccr- 
ing writing through these publica- 
tions transmits information to other 
engincers and technical personnel on 
operation, maintenance and modifi- 
cation of Hughes equipment in the 
field. 

You will receive additional training 
in the Laboratories at full pay to be- 
come familiar with Hughes equip- 
ment. Seminars are aaa by 
publications specialists to orient new 
writers. After-hours graduate courses 
under Company sponsorship are 
available at nearby universities. 


SCIENTIFIC AND 
ENGINEERING STAFF 


Culver City, Los Angeles County, California 


Photograph above: Engineer-writer John Burnett (left) 
works with engineers John H. Haughawout (right) and 


Donald King to compile handbook information. 
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FOR ENGINEERING STUDENTS 


WHAT A YOUNG ENGINEER 
SHOULD KNOW ABOUT IBM 


IBM is a company on the move! New ideas, new ex- 
pansion create exciting opportunities. 


‘IBM's a great place 
to work,”’ says 
engineer now in 
his 8th year with 
the company 

“Every year with IBM is 
more challenging than the 


@ IBM has a 41-year record of steady growth. Sales 
have doubled on an average of every 5 years during 
the past 25. : 





\ 


last,” says Max E. Femmer, 

@ IBM serves all industries, plus government and 
education—diversified, non-seasonal markets free of 
the fluctuations of war and peace . . . your best 
assurance of stability and growth. 


Development Engineer at Poughkeepsie. “It was a tre- 
mendous satisfaction in 1952 to help develop IBM's 
outstanding 701 Electronic Computer. Today, our 


projects and our work are even more interesting. Both 


my wife and I think IBM is a wonderful company.” @ Salaries are excellent—with advancement based on 
Mr. Femmer is Technical Administrator of the entire Elec- merit. Benefits include company-paid hospitaliza- 


) ic ) ? »cessi 7 N r ir , svetopme}r rogram, ° ° ° . 
tronic Data Processing Machine Development Prog tion, life insurance and retirement plans. 


IBM Introduces 


12 New Products in Year 
NEW IBM MACHINE AUTOMATICALLY 


TRANSMITS DATA 
OVER TELEPHONE CIRCUITS 


The 12 new products introduced in the past 12 months 
dramatize IBM’s continuing diversification. 


Ranging from the versatile “Cardatype”—a major 







step forward in the simplification of office work—to the Instantaneous and accurate transmission of engineer- 
gigantic NORC, the most powerful electronic digital ing and research data between widely separated 
computer ever built, IBM’s products serve all indus- computer centers is now a reality, through i 
tries plus government and education. development of the IBM Transceiver. Using ¥ 


telephone and telegraph networks, the 
Transceiver duplicates sets of 
punched cards at remote points— 
can be used to link 
plants or branches 
thousands of miles 
apart. 





IBM building 5 new labs FOR INFORMATION ON IBM CAREER 


By early next year, 1500 members of IBM’s engineer- OPPORTUNITIES 
ing staff will be working in five new buildings now Ask at your College Placement Office for a copy of IBM’s 
new booklet “Opportunities Unlimited” or write, giving 
details of your education and experience to: 
W. M. Hoyt, Dept. 334 
International Business Machines Corp. 


under construction (two sketched above). They will 
be built at Poughkeepsie, N. Y., and at Glendale, N. Y. 
overlooking the Endicott Valley. 


Ability is quickly recognized 590 Madison Avenue, New York 22, N. Y. 
—and rewarded Rte abe ot eeTA —s4 

At IBM, lack of years is no handicap. Frequently, the , 

soundest creative thinking comes from young minds. B A orrens 

an etiaee ~ 424 Vi you 

For example, average age of the engineering team i Sas 

that developed the 701, first of IBM’s great «lectronic FUTURE 

computers, was 28 yeurs. nik Bat. 
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THE 


ALUMINUM INDUSTRY 
WAS BORN ON 
SMALLMAN Vv In 1888, the aluminum industry consisted of one company— 


located in an unimpressive little building on the east side of 
STREET Pittsburgh. It was called The Pittsburgh Reduction Company. 
The men of this company had real engineering abilities and 
viewed the work to be done with an imagineering eye. But 
they were much more than that. They were pioneers... 
leaders . . . men of vision. 


A lot has happened since 1888. The country... the 
company ... and the industry have grown up. Ten new 
territories have become states, for one thing. The total 
industry now employs more than 1,000,000 people— 
and the little outfit on Smallman Street? Well, it’s a lot 
bigger, too—and the name has been changed to Alcoa. 
ALUMINUM COMPANY OF AMERICA .. . but it’s still the 
leader—still the place for engineering “‘firsts’’. 


As you prepare to trade textbooks for a position in 
industry, consider the advantages of joining a 
dynamic company like Alcoa—for real job stability 
and pleasant working conditions—where good 
men move up fast through their association with 
i the recognized leaders in the aluminum industry. 





















Alcoa's new 
aluminum office 
building 


We have fine positions for college graduate 
engineers—in our plants, sales offices and 
research laboratories from coast to coast. 
These are positions of responsibility in 
production supervision, plant and design 
engineering, industrial research or sales 

engineering. Right now it may be 
quicker than you think from a seat in 
the cla$sroom to your career with 


Alcoa. Why not find out? 


Your Placement Director will be 
glad to make an appointment for 
you with our personnel represent- 
ative. Or just send us an applica- 
tion yourself. ALUMINUM 
COMPANY OF AMERICA, 1825 
Alcoa Bldg., Pittsburgh 19, Pa. 


ALCOA 
ALUMINUM 


ALUMINUM COMPANY OF AMERICA 


APRIL, 1955 15 





tech engineering news 


Professional Journal of the Undergraduates of the 
Massachusetts Institute of Technology 






Managing Board 


RONEN OID hii cehsoicscocizs ccastucscoccsprio ends ecer a er General Manager 
Perna ER Fe oak fis cosets daciaccendth Sacataade eed tama ce Editor-in-Chief 
MAMI MENU GR oc ccsadaniacaveasdesceneuscvaventuassktvaput eden vetiaurscetaeweaterad Managing Editor 
ee ie a aoe TT aE ae oe eC, Business Manager 


Junior Board 


Ps AT IN ios hdd hese tds ag sted decades ven baversssctaindae cae Literary Associate 
RRR RT oaks cs hi casas sascncn teats és cova civiSbeosscrdseaiaeas cee Advertising Manager 
hak: (ee eae a Rn Ce a a EOE ee SWE LANL Make-Up Editor 
RTO NNT coisas cap osy cas ence iaceoa as as so bias cede tuo pp sana meu eee Pea Art Editor 
CR ORCN IU RR G88 do osciccd esc siistatsdvcliimedkbieiienoee Photography Editor 
RUSS een ME ON dinscacesSecasae ncn. Svazsis sean saaseineete we acs coe Sales Manager 
ST tn AL Re PE ONC Ae Rn, een Circulation Manager 
MOPRAM BENET TRB OUIE, 8G inves cise hicasccnvavsconeeeermrite one Treasurer 


Staff 


Thayer French, 757 Barry Mazur, ’58 
Jim Graham, ’58 Henry Snider, ’55 
Herb Schwarz, °58 D. F. Shraeder, ’60 
Wes Torrey, 57 Rae Stiening, 758 
Frank Weiser, ’58 Roger Wollstadt, ’58 


Jarda Polak, ’57 


Publisher’s Representative: 
Littell Murray Barnhill, Inc., 101 Park Avenue, New York; 605 North Michigan Ave., Chicago 


THE TECH ENGINEERING NEWS 








‘ a oN TAR ATTEN ak IE 
Rp RNAI tk 2 a A NII OTE LION ASAE OLE EOCENE = 


Lag nsnenrmaceecnspn een is EEN SM 


iS 
from the editors notebook 


MANAGING BOARD, VOLUME XXXVII 


Carrying on next school year as the Managing Board of T.E.N. are 
four competent men who we believe will do a first-rate job in maintaining 
T.E.N.’s fine traditions. As General Manager will be this year’s Editor-in- 
Chief, Allen Langord, 57. John Seeger, 56, our present Circulation Man- 
ager, will take over as Editor-in-Chief and Bob Koch, ’57, will move up 
from Make-Up Editor to Managing Editor. Handling the books as Business 
Manager will be this year’s Advertising Manager, Carl Estes, ’57. The old 
Managing Board wishes the new four a successful year. 


D.E. 
NOTE ON THE M. I. T. NATIONAL INTERCOLLEGIATE CONFER: 


ENCE ON SELECTIVITY AND DISCRIMINATION IN AMERICAN 
UNIVERSITIES 


They decided that we definitely have a problem on hand. 
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HOW 
HERCULES 
HELPS... 


“CHEMICAL COBBLERS” — Hercules material- 
help the shoe industry in many ways in 
their annual manufacture of more than 
500.000.000 pairs of shoes. Hercules®  ni- 
trocellulose, ethyl cellulose, and resins go 
into adhesives, coatings, and stiffening 
compounds, Other Hercules products im- 
prove the processing of insoles, soles, and 
heels, give bulk and shine to polishes, help 
treat leather, appear in molded plastic 
heels, and in box toes, laces, and tips. 





TODAY'S PHONOGRAPH RECORDS are truly plas- 
tic compositions. Hercules Vinsol® resin, a low 
cost thermoplastic, serves as a modifier for film 
forming resins. such as Hercules® ethy! cellu- 
lose, in many formulations. Either product may 
also be used, independently, in conjunction 
with other materials. 


“+ «+ MUSIC, LOVERS) | 





UN 

A CAREER MORE THAN A JOB is the philosophy behind Hercules’ personnel policies. To 
assist employees in their efforts to attain security for themselves and their families, 
Hercules’ personnel program includes a liberal vacation plan, a disability benefit plan, 
accident and sickness insurance, a hospital-surgical plan, group life insurance, and other 
benefits. 4 comprel ensive personnel program 15 only one of several good reasons why 





many turn to Hercules for positions with a future. 


HERCULES POWDER COMPANY 


963 Market St.. Wilmington 99, Delaware. Sales Offices in Principal Cities : ] f ‘R ( ‘ [ ] / } Ph \ 


SYNTHETIC RESINS, CELLULOSE PRODUCTS, CHEMICAL COTTON, TERPENE 
CHEMICALS, ROSIN AND ROSIN DERIVATIVES, CHLORINATED PRODUCTS, 
EXPLOSIVES, AND OTHER CHEMICAL PROCESSING MATERIALS CHEMICAL MATERIALS FOR INDUSTRY 











HONEYWELL 
OFFERS 
DIVERSIFIED 
OPPORTUNITIES 


6 yee opportunities for engineers in 
the automatic control field are 
unique in their variety and in the in- 
sight provided into all of the industries 
of wnie’s modern world. 


ELECTRONICS 


The development and manufacture 
of tiny transistors for electronic control 
. the design and manufacture of 
quality electronic photo flash units 
. . the challenge of finding fish with 
underwater sonar. . . of providing auto- 
matic flight for supersonic jets . . . 
temperature controls for today’s modern 
home . . . for atomic piles . . . 


These are a few of the fields in which 

Honeywell's several divisions are en- 

aged, providing automatic controls 
a industry and the home. 


These controls are made possible by 
the creative imagination of highly 
trained engineers working with the 
very latest research and test facilities. 


With twelve separate divisions 
located throughout the United States 
and with factories in Canada, England 
and Europe, Honeywell offers un- 
limited opportunities in a variety of 
challenging fields. Based on diversi- 
fication and balance between normal 
industry and defense activities, Honey- 
well will continue to grow and expand 
because automatic control and instru- 
mentation are so important to the 
world’s progress. 


That is why we are always looking 
for men with ideas and imagination 
and the ambition to grow with us. 
In addition to full time engineering 
and research employment we offer a 
Cooperative Work Study program, a 
Summer Student Work Study program 
and Graduate Fellowships. If you are 
interested in a career in a vital, varied 
and diversified industry, send the cou- 
pon for more information. 


Honeywell 
Hi) Fouts in Couttoly 


Division: Appliance, Aeronautical, Commercial, Doelcam, Heating Controls, Heiland, 
industrial, Marine, Micro Switch, Ordnance, Transistor, Valve. 
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IN HOMES 





MINNEAPOLIS - HONEYWELL 
REGULATOR Co. 
Personnel Dept., Minneapolis 8, Minn. 


Gentlemen: Please send me your 
booklet, “Emphasis on Research”, 
which tells more about engineering 
opportunities at Honeywell. 
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FOR UNLIMITED OPPORTUNITY... 
JOIN THE TEAM THAT BUILDS THE F-100 


North American's new F-100 Super Sabre is the supersonic result of engineering minds 
designing where opportunity is unlimited. The same opportunity exists for you. . . because 
North American knows your future is important to aviation'’s future... that your talent 
and training are vitally needed to help design tomorrow's aircraft. 

North American needs men with vision and a thorough technical background 
to help create and shape the new ideas which will build the advanced aircraft and 
aircraft components needed to assure America’s future in the air. 

Engineers at North American also find opportunities in the expanded programs in atomic 
energy, rocket engines, advanced electro-mechanical equipment and guided missiles. When 
the time comes for you to enter the engineering profession, consider the well-paid careers 
at North American. Write for information concerning your future in the aircraft industry. 








Contact: Your college placement office or write: Employment Director, 


5701 West Imperial Highway 12214 South Lakewood Blvd. North American Aviation, Inc. 
Los Angeles, Calif. Downey, Calif. Columbus 16, Ohio 


ENGINEERING AHEAD FOR A BETTER TOMORROW 


geet Nort American AVIATION, INC. 
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muses in the lab 


The New Curriculum at the Massachusetts Institute of Technology 


by John Morton Blum, Associate Professor of History 


The New Curriculum at the Massachusetts Institute of Technology 


The freshman who just left this office had ar- 
rived persuaded that his intended field of concen- 
tration, physics, demanded a special sense of 
awareness about and responsibility for the use of 
power in a troubled world. He was deluded, per- 
haps, only by his assumption that his was a spe- 
cial case, for physicists, after all, simply share 
the collective sense of responsibility, sometimes 
of guilt, that at this time penetrates the con- 
science of all perceptive men in the Western 
world. Ten difficult years have accentuated their 
realization that now indeed civilization—however 
banal the statement may seem—does hang in the 
balance when large decisions of public importance 
are made. And if a tragic miscalculation should 
occur, the culprit would obviously be not some 
holder of office but all those who created the envi- 
ronment informing him, 

On this account, among others, the Massachu- 
setts Institute of Technology began almost a dec- 
ade ago to redesign the program in humanities 
required of all undergraduates. No more than 
any other institution has M.I.T. learned surely 
how to instill by classroom work some sense of 
irony, some compassion, some humility in stu- 
dents. But freshmen and sophomores must now 
in each semester attend general education sub- 
jects concerned with certain of the foundations 
of Western civilization, certain of the ideas that 
in modern times have beguiled Western man, cer- 
tain of the issues that have puzzled him. Juniors 
and seniors must devote at least one subject in 
each semester to the humanities or social sciences, 
focusing their work within some one discipline 
they elect, be it economics, history, music or lit- 
erature. No student, then, can avoid exposure to 
a range of educational experience intended not 
to constrict but to complement whatever techno- 
logical curriculum he pursues. 

So it is also with the new curriculum which the 
faculty without dissent has voted to establish— 
Course XXI: “Humanities and Technology.” Like 
the other curricula at M.1.T., this is a form of 
technological education, but with this difference: 
students who choose to enroll in Course XXI will 
undertake a “double major’, devoting 60% of 
their time to basic and advanced subjects in one 
field of science or engineering, 40% of their time 
to basic and advanced subjects in one of three 
fields of humanities. Students haye long been per- 
mitted in Course XIV, “Economics and Technol- 
ogy’, to combine mechanical or chemical or elec- 
trical engineering with economics. They will now 
be permitted to combine one of the engineering 
fields or, for example, mathematies or physics or 
biology with a sequence of subjects in American 
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Industrial Society, or Political Thought and In- 
stitutions, or Philosophy and Literature. The 
Course XXI curriculum leads in four academic 
years to the degree of Bachelor of Science. It is 
arranged, furthermore, so as to permit a student 
in a fifth year to earn a second bachelor’s degree 
with specific designation in the particular field of 
science or engineering he has been exploring. 
Course XXI, then, at the option of the student 
enrolled in it, can be either a terminal, four-year 
program providing a general education based 
upon science and engineering, or a five-year pro- 
fessional program enhanced by an incidence of 
general education at once broader than that cus- 
tomary for engineers and more integrated than 
that available in most colleges and universities. 

Course XXI thereby permits experimentation 
on a small scale both with a new type of general 
education and a new kind of five-year engineer- 
ing curriculum. Designed, as it is, to enrich the 
social consciousness of its students, it also offers 
excellent preparation for a career in medicine, 
law, business or public administration. Indeed, 
the characteristically rigorous standards of 
M.1.T.’s_ science and engineering, standards 
Course XXI students will have to meet, assure 
those of them who go on in law, business or gov- 
ernment of an exceptionally thorough grounding 
in technology. Manifestly this grounding has sig- 
nal meaning for men who are to become involved 
in exercising judgment about the affairs of an 
industrial society. 

Although it will be several years before the 
structure of Course X XI can be seen entire, this 
structure appears now sufficiently firm so that 
what finally materializes should not vary signifi- 
cantly from what presently begins to emerge. The 
60% of time allotted to science or engineering 
constitutes substantially the equivalent of three 
years of the technological work in any one of the 
existing curricula, all described in the M.I. T. 
catalogue. Within the 40% of time devoted to 
humanities, Course X XI students will have to en- 
roll in the humanities subjects prescribed for 
all freshmen and sophomores, subjects which 
draw upon materials from history, literature, 
philosophy and the arts. What remains to be ex- 
plained, then, is the balance of the humanities 
program. 

There will be no change in the freshman year, 
but two new electives, one in each term, will be 
made available for all freshmen and especially 
recommended for those interested in learning 
about the kinds of things Course XXI involves. 
These new subjects will be “Philosophy and the 
Scientific Methodology”, an examination on an 
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CRESCENT ABC 
ARMORED CABLE 








The Cut Mark (at 114” intervals) shows the loca- 
tion of a prefabricated breaking line inside the 
armor. Only a few strokes of a file or saw guided 
by the Cut Mark are required to cut through one 
outer ridge, and a bend by hand severs the armor. 
This results in a clean separation with no sharp 
edge—a safer, easier and faster job. The prefabri- 
cated breaking lines are so designed that there is 
no reduction in tensile strength, bending quality, 
crushing resistance and electrical conductivity of 
armor. 





Prefabricated 
Break Lines 









Permanently low armor resistance is provided in 
sizes No. 14 and 12 AWG by use of a flattened, 
bonding wire which is in contact with the under 
side of each convolution. 


CRESCENT INSULATED WIRE & CABLE CO. 


Bond Strip 
Under Armor 












elementary level of epistemological problems, and 
“American Character and Institutions”, a study 
focusing, through the use of the social sciences, 
on the influence of technology and technological 
innovations upon the shaping of American life. 

During their sophomore year students in 
Course XXI will have to begin to work in one of 
the three areas of study. Those selecting Philoso- 
phy and Literature will in the fall term enroll in 
an introductory subject in literature and in the 
spring in any one of several more advanced litera- 
ture courses. Students selecting Political Thought 
and Institutions will in the fall study introduc- 
tory economics, in the spring introductory politi- 
cal science, Students in American Industrial So- 
ciety may follow this path or substitute for politi- 
cal science a second semester of economics. 

During their junior and senior years students 
in Course XXI will have, depending upon their 
technological curriculum, either two or three free 
electives in humanities or social science. They 
will also have to take six semester subjects within 
the area of their choice. Those in Philosophy and 
Literature will select these six from subjects 
dealing with philosophy, literature, the history of 
science, and the history of ideas. So, for example, 
a student might fashion a program of these 
units: the history of science from the Greeks to 
Copernicus; the history of science from Galileo to 
the present; esthetics; ethics; metaphysics; and 
the impact of the concept of evolution, of the con- 
cept of entropy, and of the uncertainty principle 
on philosophy and the social sciences. 

Students in Political Thought and Institutions 
will select six subjects from courses on interna- 
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tional relations and communications in a ther- 
monuclear age, on the political process of eco- 
nomic growth, on comparative political institu- 


tions (with special reference to the cultural and 


economic foundations in diverse societies from 
which political institutions and habits grow). 
For one or two of these subjects, a relevant his- 
tory course, such as “Europe: Industry and the 
State’, or an economics subject such as “Labor 
Economics and Public Policy”, might be substi- 
tuted. 

The American Industrial Society program in- 
cludes subjects dealing with the impact of sci- 
ence on American thought; with social and intel- 
lectual responses to industrialism; with Ameri- 
can literature; with the environment created by 
industrialism—the cities, buildings, works of art, 
both ugly and beautiful, that altogether involve 
the xsthetics of industrialism; subjects also on 
American economic growth, American industrial 
and technological history, the sociology of science, 
and the political significance of the clusters of 
power which have been produced by the indus- 
trializing and urbanizing of American life. For 
one or two of these courses, an offering from those 
described for Political Thought and Institutions, 
or a relevant economics subject, such as “Money 
and Income”, or a relevant subject in business ad- 
ministration, such as “Historical Studies in In- 
novation”, might be substituted. 

Most of the semester subjects in all three areas 
are obviously intended to focus continually 
(though not to the exclusion of other considera- 
tions) upon facets of the humanities and social 
sciences of demonstrable importance to techni- 
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cally trained men working in a technological so- 
ciety. This intention derives from the polariza- 
tion of all education at M.I.T. around science and 
engineering. Course XXI, like every other cur- 
riculum, purposes to preserve for its students the 
special, ineffable attributes of the environment 
of the Institute, to sustain the toughness of train- 
ing and develop the habits of mind that have long 
stamped M.I.T. graduates. These qualities have 
provoked generations of students to assert, in 
love and in jest rather than in dismay, that “Tech 
is Hell.” These qualities have made industry, gov- 
ernment and education seek them out, trust them 
and advance them. 

The slanting of work in Course XXI toward 
science and engineering proceeds from still an- 
other objective—an attempt to achieve at last an 
integration within one college curriculum of tech- 
nological and non-technological learning, To this 
end every Course XXI student during his senior 
year must enroll in a seminar designed to draw 
together the humanities subjects he has studied; 
he must also undertake a thesis or project con- 
trived to utilize the experience afforded by these 
subjects in conjunction with the experience gained 
in his scientific or engineering subjects. 

This integration has yet to be achieved; Course 
XXI students are still freshmen; time may demon- 
strate that the aspiration, however bold or meri- 
torious, exceeds the reach of students and faculty 
alike. But the dimension of the objective makes 
the prospect of success only 
more enticing, and there is 
already evidence that the goal 
can be reached, A year ago an 
unusually able senior whose 
field of concentration was biol- 
ogy decided to compete for a 
Woodrow Wilson Fellowship for 
graduate work in history. By 
arrangement with the Depart- 
ment of Humanities, he took 
several special reading subjects 
in history. With the consent of 
the Department of Biology, he 
also wrote an interdisciplinary 
thesis, a study of the develop- 
ment of Walter Cannon’s theory 
of homeostasis. In the opinion 
of both departments his perfor- 
mance was brilliant, character- 
ized throughout by a sure grasp 
of biology, felicity of expres- 
sion, provocative insights about 
creativity and the communica- 
tion of ideas. He won the fellow- 
ship. 

This is, moreover, not an iso- 
lated case, for in years past grad- 
uate students, enrolled in hu- 
manities minors consisting of 
three semester subjects on a 
level demanding no more virtu- 
osity than the six subjects re- 
quired in Course XXI, have dem- 
onstrated the feasibility of re- 
search in topics involving such 
variegated issues as the social 
_and professional significance of 
associational activities of Amer- 
ican engineers, the pattern of 
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Now is the time to get the 


LIFE-LONG 


Your tools of tomorrow should 
be your tools of today. When you graduate and start 
upon your own career you will find that the top 
engineers, architects and designers use CASTELL— 
either the famous wood pencil or LockTiITE Holder 
with 9030 lead. 


CASTELL is smoother, stronger, lays down greater 
depth of graphite on the drawing. It is uniformly 
excellent in all 20 degrees, 8B to 10H. 


You study in a fine school, taught by outstanding 
professors. Does it make sense to work with inferior 
tools? Order CASTELL, world’s standard of quality, 
from your College Store, stationer or art supply store. 
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the drawing pencil ‘ 
with the Moster Degre»s 





technological innovation in the electrical and auto- 
motive industries, the impact of changing technol- 
ogy on political decision-making, the implications 
for scientific creativity of political and military sys- 
tems of security, and the institutional and intel- 
lectual obstacles to the communication of radi- 
cally new scientific hypotheses. The young men 
who approached these difficult problems did. not, 
of course, finally solve them, or even add signifi- 
cantly to the stock of knowledge that existed be- 
fore they began to work. But they did add signi- 
ficantly to their own understanding of the pro- 
fessional environment in which they planned to 
live, of the processes by which their predecessors 
had forged change, of the stubbornness of tradi- 
tion as well as the volatility of inspiration that 
characterizes science as well as other human 
activities. If the future senior in Course X XI can 
learn this kind of lesson from interdisciplinary 
work, that will be enough. He may in time accom- 
plish more, may from the foundations of his early 
training move on to levels of interdisciplinary 
perception not yet in sight. 

And so the A-bomb and the H-bomb and the X- 
and Y- and Z-bombs, the increasing social and 
industrial responsibilities of technically trained 
men, the desirability of experimentation in col- 
lege education, and so, perhaps especially, the 
possibility of a break through the opaque curtain 
that has long separated technologists and human- 
ists, give rise to Course XXI. This last particu- 
larly—exciting, essential, still elusive prospect 
that it is—can surely serve to counsel and sustain 
the efforts that it merits. 
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Vital link between thought/and action 
paces all military and industrial activity 


RADIO COMMUNICATION, oldest of the electronic sciences, has 
long played an important role in the thought-action process; yet 
today it is being called upon for capabilities and performance char- 
acteristics far beyond those afforded by the present state of the art. 

Such demands stem from the basic importance of advanced com- 
munication systems in maintaining American military superiority. 

Recognizing this, The Ramo-Wooldridge Corporation is today 
engaged in research and development activities leading to the pro- 
duction of radio communications systems capable of providing the 
information capacity, versatility, range, and reliability necessary to 
insure maximum performance of our weapons systems. 

And yet the challenge is not all military. It is inevitable that the 
application at Ramo-Wooldridge of these advanced modern theories 
and new techniques will lead to significant accomplishments in the 
field of commercial communications as well. 


The Ramo-Wooldridge Corporation 


Engineers and physicists 
qualified to undertake ad- 
vanced work in systems 
analysis and engineering, 
circuit development, trans- 
mitter and receiver engi- 
neering, modulator devel- 
opment, and propagation 
studies are invited to in- 
vestigate the opportunities 
existing in HF and micro- 
wave communications, data 
transmission, facsimile, and 
allied fields, awaiting them 
at Ramo-Wooldridge. 


8820 BELLANCA AVENUE; LOS ANGELES 45, CALIFORNIA 
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4° Automatic testing and recording 
permits accurate evaluation of a 


greater number of resistors 





ONLY IRC MAKES SO MANY 
BASIC REQUIREMENTS JAN AND MIL TYPE RESISTORS 


JAN and Mil Specifications are basic 

guideposts for electronic advance- , . 

ment, whether used os engineering . . . another reason why engineers prefer IRC Resistors 
reference points or os procurement 

standards. IRC's dual emphasis on 


maw production and exacting testing 56 different IRC resistors is today’s figure—all equiva- 
assures highest performance standards : = 

at lowest possible cost. lent to JAN or MIL specifications. Manufacturers of 
SPECIFIC EXAMPLES military equipment who must meet these specifications 


depend on IRC for all their resistor requirements. 
Offering the widest line of resistors in the industry— 
138 different types in all—IRC is the logical source of 
JAN and MIL type units. 


Ly 


Type BT Insulated Composition Resistors 
MIL-R-11A Specification 
om 
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IRC Power Wire Wound Resistors ' 
MIL-R-268 Specification ! 
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INTERNATIONAL 
RESISTANCE CO. 


401 N. Broad St., Phila. 8, Pa. 
Ushenewver, the tinuit Says VV ~—sdIn Canada: International Resistance Co., Toronto, Licensee 





Type BW Low Wattage Wire Wounds 
JAN-R-184 Specification 


Sealed Précision Voltmeter Multipliers 
JAN-R-29 Specification - 
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WHAT A DIFFERENCE 
a Few Years Make at MARTIN! 





IN 1941, EDWARD E. CLARK WAS A JUN- 
IOR AERODYNAMICIST. SINCE 1951, HE 
HAS BEEN MANAGER OF THE AERODY- 
NAMICS DEPARTMENT. Opportunity awaits 
YOU during the next decade at Martin. 








IN 1940, HERMAN PUSIN WAS A STRESS 
ANALYST. SINCE 1950, HE HAS BEEN 
MANAGER OF THE STRUCTURES DE- 
PARTMENT. Opportunity awaits YOU during 
the next decade at Martin. 





ENGINEER oH - Martin, ii — toward eS is i 
sidered as important as development of specialized skills. 

YOUR OWN You’ll be assigned challenging work from the beginning— 
and encouraged to build your own career in an accelerated 

CAREER dual program for technical and administrative growth. At 


Martin, each engineer is an individual with a recognized 
personal goal. 
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IN 1943, JAMES H. BENNETT, JR. WAS A 
JUNIOR ENGINEER. SINCE 1953, HE HAS 
BEEN MANAGER OF THE ELECTRO- 
MECHANICAL DEPARTMENT. Opportu- 
nity awaits YOU during the next decade at 
Martin. 





IN 1942, WELCOME W. BENDER WAS A 
VIBRATION ANALYST. SINCE 1952, HE 
HAS BEEN MANAGER OF THE ELEC- 
TRONICS DEPARTMENT. Opportunity 
awaits YOU during the next decade at Martin. 








Current position vacancies in Engineering at 
The Glenn L. Martin Co. include the listings be- 
low. This year’s candidates for AE, ME, EE and 


CE degrees are especially invited to apply. 


| 

| 

| 

| 
Aerodynamics Propulsion | WRITE 
Airframes and Structures Electronics 7 ae oe — 
Control Systems Mechanical Design | JOHN Pi OLLYDAY 
Armament Thermodynamics | P.O. BOX 988 
Nuclear Instrumentation | IVa a F272 Pea 
Hydrodynamics Dynamics | BALTIMORE +-MARYLANO 
Servo Mechanisms Electrical | 
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making diamonds 


1000-ton press for achieving high pressures (100,000 atmospheres or |.6 million pounds per square inch. 
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Man-made diamonds, the climax to a 125-year 
effort to duplicate nature’s hardest and most glam- 
orous substance, were displayed recently. 

Scientists of the General Electric Research Lab- 
oratory exhitited tiny diamonds made from a car- 
bonaceous material subjected to extreme pressures 
and temperatures. The largest stone measured 
1/16 of an inch in longest dimension. 

In announcing “one of the landmarks in man’s 
search for knowledge about his world,” they 
warned that “‘any conclusion we are about to make 
diamonds of a size and quality suitable for gem 
use is decidedly premature.” Diamonds for jewelry 
must have special characteristics of size, color, and 
crystal perfection. 

“On the other hand, if the present high cost of 
making diam»nds by the G-E processes can be re- 
duced, the primary application of man-made dia- 
monds will probably be in industrial tools for cut- 
ting and polishing. Diamonds of any quality, re- 
gardless of size and color—including diamond dust 
—are useful in industry. The crystals are not 
‘imitation’ diamonds or ‘diamond-like.’ Rather 
they are purely and simply diamonds, exactly the 
same as are taken from mines of the Belgian 
Congo and Brazil.” 

The hardest substance known to man, diamonds 
are mined at the rate of about 214 tons annually. 
Approximately 90 per cent are imported by the 
United States. Of the diamonds of industrial grade, 
some are stockpiled for defense purposes, but the 


The business end of GE's new 1000-ton press, capable now of delivering 
pressures greater than 100,000 atmospheres, or_|.6 million pounds per square 


inch on an area of approximately one square inch. 
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The largest diamond yet made, about | /1 6th of an inch in 
longest dimension, i been photographed beside a 
standard, diamond, high-fidelity phonograph needle to 
indicate its relative size. 


major portion goes into tools 
that cut, saw, or polish other 
hard materials. For industrial 
diamonds purchased in a typical 
year, the U. S. paid more than 
$50,000,000. 

According to the manager of 
the Laboratory’s Chemistry De- 
partment, the diamonds were 
positively identified by x-ray in- 
spection, chemical examination, 
and hardness tests. Under hard- 
ness tests, the G-i diamonds 
proved capable of scratching 
anything, even other diamonds. 

Thus these diamonds are the 
first man-made substance to 
scratch other diamonds. 

Making diamonds was the re- 
sult of more than four years of 
intensive research by Laboratory 
scientists. 

In the process, a carbonaceous 
compound was subjected for 
many hours to a measured pres- 
sure some 53,500 times greater 
than atmospheric (roughly 800,- 
000 pounds per square inch). 
That run, in the Laboratory’s 
new 1000-ton press, yielded a 
crystal nearly a sixteenth of an 
inch in longest dimension. 

Of fundamental importance 
was the development of the 
“belt,” a chamber enabling G-E 
scientists to maintain for the 
first time temperatures above 
5000 degrees Fahrenheit at pres- 


yr 








LABORATORY MADE 
DIAMOND SINGLE CRYSTAL 


sures in excess of 1,500,000 , 
pounds per square inch. 

This pressure is roughly equiv- 
alent to the “squeeze” physical 
scientists have computed for 
points 240 miles beneath the 
earth’s surface. Using this equip- 
ment, a process was developed 
that produces diamonds in a 
matter of minutes. The diamonds 
are smaller, but are often pro- 
duced in solid clusters. Single 
runs have produced up to 1/10 
of a carat. 

To confirm the results two in- 
dependent teams of scientists 
from other departments in the 
Laboratory have repeated the 
experiments, in each case with 
success. All in all, the various 
processes for making diamonds 
have been repeated successfully 
more than 100 times. 


Many of the first diamonds produced were de- 
liberately destroyed during essential testing. For 
example, many crystals had to be burned to de- 
termine their carbon content. 

X-ray examination is perhaps the most conclu- 
sive single test, because every crystal from com- 
mon salt to precious jewel has its own distinctive 
x-ray “fingerprint,” or diffraction pattern. It is 
easy to recognize the pattern of diamond because 
no other known material comes anywhere near 
matching it. 


Ball Bearing (CLi, 


Talk about a “quiz whiz"...here’s the ball 
bearing torque tester that's in a class by itself! 


By simplifying inspection, this Fafnir-developed, slow 
running ball bearing torque tester shrinks the chances of 
error. Unlike some torque testers which require scores of 
readings to produce similar information, the Fafnir Torque 
Tester requires only one revolution of the bearing outer 
ring to record such characteristics as running torque in 
gram-centimeters, bearing defects (if any), where located 
(inner or outer ring), and the presence of dirt or exces- 
sive eccentricities. 

The development of a better means of measuring instru- 
ment bearing torque is but one of many Fafnir contribu- 
tions to the ball bearing industry. The Fafnir Bearing 
Company, New Britain, Conn. 
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BALL BEARINGS 


MOST COMPLETE LINE IN 


. 


NATURAL DIAMOND 
SINGLE CRYSTAL 


X-ray diffraction patterns of natural and man-made diamonds. Single crystal 
on the left; powder on the right. 


General Electric attaches great impertance to 
the possibility of producing diamonds as a logical 
extension of its interest in hard cutting materials 
represented by cemented carbides. 

The true status of previous attempts to make 
diamonds is difficult to determine with certainty. 
Principal claimants of success were a Frenchman, 
C. Cayniard de la Tour (1828) ; an English experi- 
mente by the name of Hannay (1880) ; the French 
scientist H. Moissan (1894); and a British scien- 
tist, Sir Charles Parsons (1907- 
1920), who subsequently ex- 
pressed doubt about his own re- 
sults. 


Repeated attempts by many 
researchers to reproduce the re- 
sults claimed by these earlier in- 
vestigators have failed, and 
careful analyses of existing re- 
cords by reputable scientists 
have not confirmed any previous 
claims that diamonds were actu- 
ally produced in the laboratory. 

Certainly no sure method of 
repeatedly making diamonds has 
ever been announced before to- 
day. 


In perfecting the long series 
of laboratory improvements in 
their struggles to achieve com- 
bined high pressure and high 
temperature, G-E scientists gain- 
ed valuable help from nature, 
particularly from studies of dia- 
monds found in Arizona meteor- 
ites. 


Knowledge of pressures reach- 
ed was gained by observing 
changes in the electrical resist- 
ance of bismuth, thallium, 
cesium, and barium-phenomena 
discovered by Dr. Percy Bridg- 
man of Harvard University, 
world-renowned pioneer in high- 
pressure research. 
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How to cerry 35-ton loads in 
a roll-neck lathe 


The engineers who designed this roll-neck 
lathe were faced with three problems. 1) 
To build a lathe that would cut finishing 
time as much as 75%; 2) To build a lathe 
that would give great accuracy and 3) To 
provide great load-carrying capacity as 
well. Their answer was this electronically- 
controlled mill roll lathe. To carry the 35- 
ton loads with a maximum runout of .0003 
and still do the job quickly, they specified 
Timken® tapered roller bearings. 


Why TIMKEN’ bearings have 
high load capacity 


This cross-section of a Timken tapered roller bearing 
illustrates one reason why Timken bearings do such a 
good job under heavy load conditions. Notice that there 
is full line contac i between the rollers and races. It’s this 
full line contact that distributes the load over a wider 
area, gives Tim! en bearings their extra load-carrying 
capacity. 


Want to learn more about bearings 
or job opportunities? 


o TIMK 


TRADE-MARK REG. U. S. PAT. OFF. 


TAPERED ROLLER BEARINGS 


APRIL, 1955 


Some of the engineering problems 
you'll face after graduation will 
involve bearing applications. 
For help in learning more about 
bearings, write for the 270-page 
General Information Manual on 


NOT JUST A BALL © NOT JUST A ROLLER <> THE TIMKEN TAPERED ROLLER c> 


BEARING TAKES RADIAL 4) AND THRUST -D- LOADS OR ANY COMBINATION HE 


Timken bearings. And for infor- 
mation about the excellent job 
opportunities at the Timken 
Company, write for a copy of “This 
Is Timken”. The Timken Roller 
Bearing Company, Canton 6, O. 
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NO TIME TO 
CALL ROSIE. 


F9F-8 COUGAR 


Just look at what has to fit 
inside a modern first-line jet fighter like the FOF-8 
Cougar. Even it there were time, they could not be 


built overnight. And yet, complex as they are, Grum- 


man still designs and builds them in record time 
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lf an enemy struck, there would be no time to make riveters of housewives, 
y 


no time to build over 12,000 fighters as Grumman did Hellcats during 
World War II. Your government believes we must always have the 
airpower to defend us and to strike back instantly. To design and 
build these weapons now and over the next few decades, Grumman 
will need engineers like yourself. 

Grumman, 25 years old this year, offers you many advantages. 
So does Long Island as a place to live and play 
To get the facts, write for your copy of: 


Engineering For Production. 







GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage - Long Island - New York 


nd builders of the supersonic Tiger 


Engineering Department 
Grumman Aircraft Engineering Corporation 
Bethpage, Long Island, New York 










Please send me a l Name 
copy of Engineering tikivenin Cis Wein 


for Production. 5 
treet 


City State 
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elementary particles II 


by Malcolm MacLeod 
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In the previous article we saw how the search 
for the quanta of the nuclear force field led to the 
discovery of new particles called mesons. Up to 
1947 two types of mesons were known: pions and 
muons. The muons were at first thought to be the 
particles whose existence was postulated by 
Yakawa to explain the forces existing between 
nucleons, but as more experimental evidence was 
gathered it gradually became evident that their 
properties were inconsistent with the properties 
deduced on the basis of nuclear theory. With the 
subsequent discovery of the pion, many of these 
inconsistencies were eliminated when the pion was 
substituted for the muon in the theory. Just when 
things began to look reasonably promising from 
the standpoint of explaining nuclear forces and 
these elementary particles, the experimentalists 
(as usual) came up with something brand new. In 
1947 Rochester and Butler observed two V-shaped 
tracks in some cloud-chamber pictures of penetrat- 
ing cosmic ray showers which they attributed to 
two new particles, to which they gave the names 
of “V-particles” (now known as and part- 
icles). In the following year Powell and co-workers 
observed in some nuclear emulsions a track they 
attributed to a “tau meson’; O’Ceallaigh observed 
a “kappa meson” in 1951, and so the story goes, 
each year adding more confusing experimental 
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evidence. Table 1 gives a summary of the particles 
whose existence was reasonably well substantiated 
in January 1955. 

The majority of these particles have been found 
by the use of nuclear emulsion techniques; the re- 
mainder of this article will be devoted to describ- 
ing these techniques and what can be done with 
them. A “nuclear emulsion” consists essentially of 
grains of silver bromide dispersed in a gelatin sup- 
port; the general idea is quite similar to the famil- 
iar photographic film, but with two essential differ- 
ences. Ordinary film has one-tenth the density of 
silver that the nuclear plates have, and film has a 
thickness of roughly fifteen microns, whereas the 
nuclear emulsions vary in thickness from 25 
microns to as much as 2000 microns. 

The basic mechanism which renders the tech- 
nique useful for investigation of elementary part- 
icle processes is that of energy transfer between 
an ionizing particle and the matter which it tra- 
verses; this energy goes into producing a photo- 
graphic trace in the plate. As a high-energy 
charged particle traverses matter it is acted on by 
the electromagnetic fields of the atomic nuclei; in 
particular it is decelerated by these fields. The 
energy lost in the deceleration process appears as 
electromagnetic radiation (“bremsstrahlung’’) 
which can in turn bounce electrons out of the 
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atoms, leaving them free to wander about through 
the substance (silver bromide, in our case). Elec- 
trons can also be knocked out of the atoms directly 
by the particle as it goes through. In any case, the 
result of the passage of a particle through a silver 
bromide crystal is that a great number of elec- 
trons are released; these move about freely in the 
crystal until they come in contact with a “sensitiv- 
ity speck” (a minute impurity center) where they 
are trapped at a lower energy level than exists in 
the rest of the crystal. A great many electrons 
collect at each impurity center, where they exert 
an electrostatic attraction on the mobile silver ions 
present in the crystal; these silver ions collect and 
form silver metal specks after being neutralized 
by the electrons. It is precisely these specks which 
render the grains “developable”. When a develop- 
ing agent acts on the emulsion it reduces an ex- 
posed grain to metallic silver, while leaving all un- 
exposed grains untouched; a “fixing” agent dis- 
solves the unexposed grains, thus leaving an image 
of silver specks behind. Upon examining the emul- 
sion with a low power microscope the tracks of 
these particles may be seen. 

The process is influenced by the rate at which 
the electrons are freed along the particle’s track 
through the grain; that is, it depends on the velo- 
city and ionization (energy loss per unit length) 
of the particle. If the ionization is plotted versus 
the velocity of the particle, it may be seen that 
the initial dE/dx goes inversely as v* and ap- 
proaches a minimum at a velocity corresponding 
to roughly twice the rest energy of the particle. 
Beyond the minimum point dE/dx increases rather 
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slowly and when the particle is located in this 
region it is said to be “minimum ionizing” and the 
corresponding track is called a “minimum.” Min- 
imum tracks are, of course, the most difficult te 
detect because the grain density is directly propor- 
tional to the ionization. Detection of minimum 
tracks presented quite a problem to research 


workers for a long time; finally emulsions were 
developed which would register these tracks prop- 
erly. This was done by an English firm, Ilford 
Ltd., a few years ago. The main producers of nu- 
clear emulsions, incidentally, are Eastman Kodak 
and Ilford, of which Ilford is preferred in most 
laboratories for their more uniform results. 


There are three variables which may be used to 
characterize a particular track: grain density, 
scattering, and range. To measure the energy, the 
mass, or the momentum, two of these three vari- 
ables must be known. The grain density, as the 
name implies, is simply the number of grains per 
unit length of a track at a given point on the 
track. This grain density is proportional to the 
mass and inversely proportional to the square of 
the velocity, so that it is easily seen that a fast, 
light particle will leave a very light track. This 
means that for a given energy an electron will 


leave a comparatively light track, a proton a com- 
paratively heavy track, and mesons will fall be- 
tween the two in grain density. The scattering 
which a track shows, i.e., the amount the track 
bends, is inversely proportional to the mass and 
the square of the velocity. Thus for an electron 
and proton of the same energy, the proton will 
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PARTICLE Symsot MASS poten gernce DECAY SCHEME HAL LIFE 
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Steel is 2 to 3 times stronger 
than gray iron 

Steel is 2'2 times as rigid as 
gray iron 

Steel costs a third as much 
as gray iron 


So products properly de- 
signed in steel can be manu- 
factured at savings up to 50% 


WHAT MAKES 
A DESIGNER 
OUTSTANDING? 


O be successful, a designer must 
first know how to develop 
products that are profitable to his 
company. To be profitable, these 
products must meet competition, 
yet be manufactured for low cost. 


By taking advantage of the bene- 
fits of welded steel construction, 
the alert design engineer has un- 
limited opportunities for develop- 
ing new product ideas. He can add 
improvements to present products, 
uiake them stronger, more service- 
able... while actually reducing the 
cost of production, as in the ex- 
ample shown. 


HOW COST IS REDUCED 





Original cost $83.13 

steel design cost 
$39.00. Welded steel ma- 
chine base is 50% strong- 
er... yet weight is cut 
from 269 Ibs. to 176 Ibs 









It will pay you to keep pace with 
the newest developments in steel 
design. Latest information is in Lin- 
coln Procedure Handbook of Arc 
Welded Design and Practicé. Write. 


THE LINCOLN ELECTRIC COMPANY 


CLEVELAND 17, OHIO 


THE WORLD'S LARGEST MANUFACTURER OF 
ARC WELDING EQUIPMENT 
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show considerably less scattering than the electron. The third vari- 
able, the range, is simply the distance which the particle traverses 
before it loses all its kinetic energy and comes to a stop in the emul- 
sion; it varies directly as the mass, the square of the energy, and 
inversely as the square of the charge. By means of the above three 
properties of the tracks, conservation of energy and momentum, the 
overall appearance of the events, and a strong faith in what one is 
doing, a large amount of information may be gleaned from these 
plates. 

There are three phases gone through in utilizing the nuclear 
emulsion technique: exposure, processing, and scanning. We shall 
now look at these in detail. 

In planning an exposure, there are a number of things to think 
about. If the particles being sought are energetic, their tracks will 
be long; since it is usually desired to have the particle stop in the 
emulsion, there are two ways of accomplishing this. The emulsions 
may be used mounted on glass plates (to give them the necessary 
rigidity) and exposed to the source of particles so that they enter 
the plate through one edge and travel through it laterally, coming 
to a stop in the same emulsion they first entered. The alternative to 
this is to form a “stack” of unmounted emulsions (sometimes termed 
“pellicles”) so that a continuous sensitive volume of emulsion is 
formed. With this arrangement tracks may be followed through the 
stack from one emulsion to the next; this is in general an excellent 
means of tracking particles whose incident directions are not defined 
to within a narrow range of angles, as is necessary for the first 
method to prove its worth. Which of these two methods to use in a 
given case is decided mainly by what type of particle source the 
plates are to be exposed to, although the type of experiment also 
comes into consideration. There are two sources of particles in wide 
use today: the cosmic rays which bombard our planet continually, 
and the high-energy particle accelerators, such as the synchrotron, 
and cosmotron. Until 1948 only the first of these was utilized for the 
study of the new “strange particles’, for it was not until that year 
that any high-energy accelerators produced artificial mesons. Since 
then, however, all of the particles have been produced artificially. 
For a cosmic ray exposure the obvious thing to do is use a stack, 
since there may be many related events; for an accelerator exposure, 
the method to be used depends largely on the particular experiment. 
For example, for a study of the secondaries from K particle decay, 
a stack is necessary since these particles are given off at random 
directions to the K in the center-of-mass system and have a great 
deal of kinetic energy, consequently a long range. On the other hand, 
for a study of the angular distribution of the protons given off when 
deuterons (heavy hydrogen nuclei) are made to disintegrate by 
means of bombardment by high-energy gamma rays all that is 
necessary is to know the angle at which the protons enter the 
emulsion, which may be done using plates, although admittedly a 
more accurate determination would require the use of stacks. 

The processing of these emulsions is quite complex compared 
to processing a roll of film. The main factor to be taken into con- 
sideration is the thickness of the emulsions; because it is so great, 
it takes a rather long time for the processing solutions to diffuse 
into them. There are two other effects which worry the researcher ; 
shrinkage and distortion. Shrinkage is due to dissolving the unex- 
posed silver halide grains out of the emulsion; the gaps left where 
the grains were are filled by the gelatin which flows into them in 
the plastic state it is in during the processing. This effect may be 
counteracted by measurement of the shrinkage factor, which may 
be done by exposing the emulsions to a source whose tracks make 
a definite, known angle with them and then determining the path 
in the developed emulsion. The second effect is distortion, which is 
usually introduced through slippage of different emulsion layers (in 
one emulsion) over one another, thus introducing spurious “‘scatter- 
ing”. The amount of distortion may be estimated by observing 
“steeply dipping” tracks, i.e., tracks which plunge through the 
emulsion essentially perpendicular to the broad face. Other prob- 
lems which complicate matters will perhaps be better understood 
if the development procedure is first outlined. The following is the 
processing procedure used at the M.I.T. Synchrotron Laboratory, 
and is representative of the manipulations involved. 
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If the emulsions are pellicles, 
they are mounted first on spe- 
cially-prepared glass plates and 
allowed to dry prior to the next 
step in the process. 


1. Soak in water at 4°C. for 
1 hour. 

. Soak in developer at 4°C. 

for 2 hours. 

3. Bring plates up to room 
temperature (20°C.) for 
14 hour. 

4. Soak in 2% acetic acid 
stopbath at 4°C. for 1 
hour. 

5. Soak in fixer at 4°C. for 
48-72 hours, or 114 times 
the time it takes for the 
plates to clear. 

6. Wash with water at 4°C. 
for 48-72 hours. 

7. Soak in 3% glycerin solu- 
tion at 4°C. for 12 hours. 

8. Remove from glycerin, 
blot dry, and coat edges 
with oil. 

9. When plates dry, coat 
edges with nail polish base, 
cut plates to convenient 
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Completeness... 


A Key to K & E Leadership. 


Casio and charts to analyze and illustrate an 
endless variety of facts or trends are vital to busi- 
ness men, manufacturers, engineers, architects, 
surveyors, mathematicians, scientists. K&E make 
a complete range of graph forms essential for 
these many differing needs. (Write Keuffel & 
Esser, Dept. 1254, Hoboken, N.J., for a free book- 





size. 
KEUFFEL & ESSER co. let ‘‘Graph Sheets”.) Completeness is one of the 


10. Wipe surface gently with ea. -% 


11. Keep in humid atmos- 
phere. 


Step 1 is to allow the gelatin to swell so that in 


step 2 the developer may diffuse more readily into 
the emulsion. At 4°C. essentially no development 
takes place, and all that happens during step 2 is 
that the emulsion soaks up a quantity of developer, 
which is used in step 3 to develop it. For step 3 the 
plates are merely taken from the developer tray 
and placed on the darkroom bench where they are 
brought up to room temperature rather quickly by 
conduction. (An alternative method for bringing 
the plates up to room temperature quickly and uni- 
formly by utilizing a radio-frequency induction 
heating unit is being experimented with by the au- 
thor; (results so far are promising, but inconclus- 
ive.) During step 3 all the development takes place. 
Step 4 is simply to halt the development. Step 5 
clears the emulsion of all unexposed silver grains, 
and step 6 clears the plate of all signs of the fixer. 
The glycerin soak of step 7 is to “‘plasticize” the 
emulsion and make it more resistant to dehydra- 
tion and peeling. In step 8 the plates are lightly 
blotted and the edges coated with a light oil, to 
keep them from drying faster than the main body 
of emulsion, for if they do, there is a great ten- 
dency for them to peel and crack. The tendency to 
peel is further inhibited in step 9 by coating the 
edges with nail polish base to hold them down. 
Step 10 is to dissolve the silver which settles in a 
thin layer on the surface during the processing, 
and get rid of it. The plates are stored in a humid 
atmosphere to keep them pliable, or at least to 
keep them from drying out completely. 

The scanning phase is where the brainwork 
comes in; it is the most interesting part of the 
whole business. Binocular microscopes with pre- 
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cision stages and shallow depth of focus lenses are 


keys to K&E leadership in drafting, reproduction, 
surveying and optical tooling equipment and 
materials, in slide rules and measuring tapes. 


used to examine or “scan” the plates. The binocu- 
lar vision makes it possible to see in 3-D the tracks 
you are looking at, and to measure the depth at 
which the different events take place. Of course, 
this would be impossible without lenses with very 
shallow depths of focus besides. The resolution is 
the property of the lenses that you worry about, 
not their magnifying power, since the individual 
grains are about 0.5 microns in diameter. The usual 
objective for rapid scanning is about a 20X used 
in conjunction with a 10X or 20X ocular to give a 
total magnification of from 200X to 400X. For ex- 
amining a track after finding it with the low power 
lenses, a 45X or 90X oil-immersion objective is 
usually used with the same oculars as before. Thus 
the maximum total magnification is about 1800X. 
The microscopes have calibrated stages so that 
tracks may be relocated quickly by taking down 
their coordinates when first found. The technique 
of scanning differs slightly depending on what is 
being sought for. For instance, if the number of 
negative pions entering the plates is desired, the 
scanner simply scans rapidly with the low-power 
objective looking for stars where the incident part- 
icle is a pion; one horizontal strip whose width is 
one field of view is scanned at a time. In this man- 
ner a 2” x 3” plate may be scanned in a day by an 
experienced scanner. However, if it is necessary 
to record all, or almost all, of the events on a 
plate, it may take an experienced person a month 
to scan a 2x3 plate. There are three general types 
of events which may take place in an emulsion: 
nuclear interactions, decays, and tracks stopping 
with no event. 
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Nuclear interactions (‘‘stars’’) 
are characterized by several 
tracks emanating from one spot 
in the emulsion. Usually the 
track of a particle slowing down 
and falling into the nucleus is 
evident among them; it is this 
track that caused the disruption 
of the nucleus. Sometimes, how- 
ever, the interaction takes place 
while the particle is in full flight; 
in that case, a minimum track 
will be seen boring straight into 
the nucleus, from which several 
protons and mesons may be 
boiled off. All pions which stop 
in the emulsion and are negative- 
ly charged create stars, hence 
the above method of counting 
them. 

Decays are characterized by a 
single track which slows down 
(i.e., scatters more and more, 
grain density increases), stops, 
and emits one or more other 
particles whose tracks may be 
seen emanating from the point 
where the primary stops. The 
decay of muons and pions may 
be distinguished by the relative 
grain densities and scattering; 
the electron from the muon de- 
cay is usually a minimum track, 
whereas the muon from the pion 
decay is monoenergetic in the 
center-of-mass system at an en- 
ergy such that its track in Ilford 
G.5 emulsions is 614 microns and 
it is not minimum. Similar rea- 
soning is used to distinguish K’s 
from pions, etc. A tau decay is a 
fascinating thing to see, for the 
primary tau decays into three 
pions, which can usually be fol- 
lowed until they decay or inter- 
act with a nucleus. 

The third type of event is a 
track which just stops in the 
emulsion with no apparent inter- 
action. This may be due to any 
one of several things. Any type 
negative meson could produce a 
neutron star; i.e., a star in which 
only neutrons were kicked out of 
the nucleus, and the neutrons, 
being neutral, would leave no 
tracks. Protons and electrons 
coming to the end of their runs 
would simply stop in the emul- 
sion since they are not unstable. 
Occasionally a proton is observed 
to start and stop inside the emul- 
sion; in this instance a neutron 
of reasonably high energy has 
knocked the proton out of a nu- 
cleus. 

The third and final article in 
this series will be a description 
of a typical experiment in the 
elementary particle physics field. 
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More jobs—through science 


From the earth, air, and water come new things for all of us—and new jobs 


THE ELEMENTS OF NATURE are a limitless frontier, a con- 
tinuing challenge to science. Out of them, scientists are 
developing new materials that benefit us all in many ways. 


A CHEMICAL A MONTH — The scientists of Union 
Carbide, for example, have introduced an average of 
one new chemical per month for over twenty-five years. 

Some of these have led to the growth of important 
industries, such as plastics and man-made textiles. This, 
in turn, has meant more opportunities, more jobs — in 
construction, manufacturing, engineering and sales, as 
well as in research. 


IN OTHER FIELDS, TOO, the people of Union Carbide 
have helped open new areas of benefit and opportunity. 
Their alloy metals make possible stainless and other fine 
steels; the oxygen they produce helps the sick and is 


essential to the metalworker; their carbon products serve 
the steelmakers and power your flashlight. 


PROGRESS THROUGH RESEARCH—Union Carbide has 
23 research and development laboratories constantly 
working in major fields of science to continue this record 
of product development—and more jobs through science. 


FREE: Learn how ALLoys, CARBONS, GASES, CHEMICALS, 
and PLASTICS improve many things that you use. Ask for 
the 1955 edition of “Products and Processes” booklet E-2. 


Unrton CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET [I] NEW YORK 17, N. Y. 


In Canada: UNION CARBIDE CANADA LIMITED 


UCC’s Trade-marked Products include 


SYNTHETIC ORGANIC CHEMICALS ELECTROMET Alloys and Metals 
PRESTONE Anti-Freeze 
PREST-O-LITE Acetylene 


“VEREADY Flashlights and Batteries 
BAKELITE, VINYLITE, and KRENE Plastics 
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the free piston air compressor 


by Paul F. Nuclo, '55 


The typical free piston air compressor consists 
of a central two cycle diesel cylinder with two 
opposed pistons and a combustion chamber be- 
tween. Each piston is connected, by means of a 
piston rod, to a larger piston on the end of the 
same axis. One of these pistons is the air com- 
pressor piston which works inside the air com- 
pressor cylinder. The other piston is the “‘bounce” 
or “cushion” piston which works inside the cush- 
ion cylinder. A linkage maintains the synchro- 
nism of the two diesel pistons so that they are 
always in the same position relative to the center 
of the unit. The basic type of free piston com- 
pressor is shown in figure I. 

The operation of the typical compressor is as 
follows: Diesel oil is injected into the central 
combustion chamber as the diesel pistons ap- 
proach top dead center. As the oil burns, the pis- 
tons are forced apart and air is compressed in 
the two large cylinders at the ends of the unit. 
The air from the air compressor cylinder is led 
to an air receiver. The energy stored in the cush- 
ion cylinder plus that of the air trapped in the 
compressor clearance space forces the diesel pis- 
tons back to dead center, compressing the air in 
the combustion chamber for the next charge of 
fuel. 

The compressor outlined above is a very simple 
type and has been described merely to introduce 
the reader to the basic principles of the free pis- 
ton compressor. Refinements to the basic unit 
may follow many lines. The most obvious refine- 
ment is to replace the bounce piston on the right 
end by another air compressor piston and place 
bounce pistons on each end of the unit. The 
capacity of the compressor can be increased in 
this way. The bounce pistons may be arranged in 
any one of four ways: 

(1) Outer bounce, outward compression. (Fig- 


(2) Outer bounce, inward compression. (Fig- 

ure ITI.) 

(3) Inverted bounce, 

(Figure IV.) 
(4), Inverted bounce, 
(Figure V.) 

In each case it should be remembered that the 
bounce piston supplies no air to the receiver éven 
though it compresses air in its cylinder. Its only 
function is to store up energy to return the diesel 
pistons to top dead center position. 
stages as does the Worthington Junkers four stage 
compressor. 

In this compressor air at atmospheric pressure 
and about 70 degrees F. enters the first stage and 
leaves at 57 lbs/sq. in. and 230 degrees F. It is 
then led to a cooler, where its temperature is re- 
duced to 104 degrees F., and then into the second 
stage. It leaves the second stage at 200 lbs/sq. 
in. and 200 degrees F. It is then led to a second 
cooler, where its temperature is reduced to 98 
degrees F., and then into the third stage. It leaves 
the third stage at 690 lbs./sq. in. and 257 degrees 
F. It is then led to a third cooler, where its tem- 
perature is reduced to 83 degrees F., and then 
into the fourth stage. It leaves the fourth stage 
at 3000 Ibs./sq. in. and 250 degrees F. It is then 
led to a fourth cooler, where its temperature is 
reduced to 75 degrees F., and then to the air re- 
ceiver. 

Operating Characteristics of Compressors 

(1) Any free piston compressor operates with 
a variable stroke determined by the amount of 
fuel burned in the diesel cylinder. Governing usu- 
ally consists of controlling the stroke until the 
desired output is reached. A pressure sensitive 
control varies the rate of fuel injection thus hold- 
ing the receiver pressure constant for any par- 
ticular setting. 


outward compression. 


inward compression. 


ure II.) (2) The energy stored in the cushion cylinder 

grows larger as the stroke increases. In practice, 

the design is usually arranged so that the sum of 

the energies returned by the compressor and 

sn coupaesson ae ied sii: a = Ps ey is virtually constant from no 
YLINDER CYLINDER INJECTOR BOUNCE . 


Yaa CYLINDER (3) Two piston compressors are designed to 


consist of two masses oscillating in opposite di- 
rections, both masses having the same momentum 
so that the machine transmits to its support only 
its static weight and no foundation is needed. In 
the multistage compressor the sum of the momen- 
tum forces and the pressure forces is always 
such to cancel out any horizontal force and no 
. foundation is needed. 

The highest output and efficiency of the unit 
FRCL ASK FREE PISTON COMPRESSOR will be obtained by operating it at the highest fir- 
ing pressure and temperature possible. However, 
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the greatest factor in the suc- 
cess of the unit is the life of the 
piston rings and the liners of the 





combustion cylinder. As the 
pressure and temperature in the 
compression cylinder are in- 


creased the question of ring and 
liner wear is greatly aggravated. 
Some of the possible causes of 
ring and liner failure follow: 
(1) Maximum firing pressure 
in combustion chamber is exces- 


sive. 
(2) Maximum rate of pres- 
sure rise in the combustion 


chamber is excessive. 

(3) Irregularities on the liner 
surface scores rings. 

(4) Carbon formation on 
liner and ring grooves causes 
local hot spots, 

(5) Weakening of liner and rings due to exces- 
sive temperature. 

(6) Insufficient gas pressure behind the piston 
rings. As the combustion pressure builds up, gas 
flows into the space behind the rings to force 
them against the liner and maintain the compres- 
sion. If the rings fit their grooves too tightly, the 
pressure behind them will be much lower than 
the combustion pressure, thus forcing the rings 
away from the liner, causing bending of the ring 
and possible failure. 

(7) Deficiencies of lubrication. In this connec- 
tion, it should be noticed that on the inward 
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stroke of the pistons, gas pressure, friction and 
inertia combine to hold the rings against the bot- 
toms of their grooves. On the outward stroke, gas 
pressure tries to hold the rings against the bot- 
tom of their grooves while friction and inertia 
exert an opposing force. If there is good lubrica- 
tion around part of the ring and poor lubrication 
around other parts, the ring will bear partly on 
one face of its groove and partly on the other. 
This will cause severe bending of the ring and it 
may fail. 

Without doubt, the most complicated portions 
of this otherwise simple unit are the starting and 
fuel systems. 

Starting is accomplished by 
moving the pistons to their out- 
ermost position. This is usually 
done manually by means of a 
crank attached to the synchro- 
nizing mechanism. Air under 
pressure is then introduced into 
the compression cylinders from 
a starting bank. This forces the 
pistons inward compressing the 
air in the combustion chamber. 
Fuel is then injected into the 
combustion chamber and the 
unit begins to operate. On start- 
ing, the pressure in the multi- 
stage unit are not the designed 
pressures, therefore there is 
some end thrust, at times as 
much as 1450 pounds on the 
first stroke. However, after the 
first two or three strokes all 
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stages operate at normal pressure and end thrust 
and vibration are at a minimum. 


To consider the fuel problem it should be 
pointed out that the fuel pumps as well as other 
auxiliaries are usually run from the synchronized 
linkage whose motion is dependent on that of the 
pistons. However, the piston velocity decreases 
rapidly at the time fuel injection occurs resulting 
in a decreasing angular velocity of any cam 
attached to the linkage. This makes it practically 
impossible to design a cam with either a constant 


200°F 





840 degrees F. This mixture is used to feed a gas 
turbine. Gas generators of this type have been 
successful in feeding turbines of 800 to 1000 
horsepower with a final net efficiency, all auxil- 
iares included, of 42%. 

Another use is to add to the basic compressor 
a combined steam and gas generator, called a 
multipressure generator. It is fed with high pres- 
sure combustion air from the oscillating free pis- 
ton compressor. The multipressure generator pro- 
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or increasing rate of plunger rise during the in- 
jection time. Two other points are the change of 
injection time in relation to piston stroke and 
the accurate metering of quantity of oil injected, 
neither of which lend themselves well to a mech- 
anism driven from the synchronizing linkage. At 
first a common rail system was used but this was 
modified to a rather complicated type of system 
which gives a definite mechanical control of the 
quantity of fuel injected and the time of injection. 

Although this study is confined to free piston 
compressors, it may be mentioned that free pis- 
ton units have been applied to other units. The 
first of these is the free piston gas generator 
which is similar to the compressors described 
before. This generator compresses air up to the 
supercharging pressure of its motor. Part of the 
air scavenges the exhaust gases from the com- 
bustion cylinder and mixes with them. The re- 
mainder is actually used to supercharge the cyl- 
inder. The generator produces a mixture of air 
and exhaust gases at a pressure of between three 
and five atmospheres and a temperature of about 
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duces simultaneously steam at high pressure 
and temperature and combustion gases at a pres- 
sure of 26 to 35 atmospheres. The steam is used 
to run a steam turbine and the combustion gases 
run a gas turbine. 

As a conclusion it might be best to list the 
advantages of the free piston air compressor. 
These are: 

(1) Perfect balance with subsequent elimina- 
tion of vibration and end thrust. 

(2) Size and weight is greatly reduced over 
other compressors of similar capacity, giving an 
extremely compact and simple unit. 

(3) Since there are no crankshafts or connect- 
ing rods, side thrust is completely eliminated, 
giving long ring, piston and cylinder liner life. 

(4) Final efficiency of the oscillating super- 
charged compressor is greatly increased since 
supercharging and scavenging air remove a large 
amount of heat from the cylinder walls. 

(5) Instantaneous response assures a supply 
of air at constant pressure at any output. 

(6) Fuel economy is very good. 
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Western Electric field engineers supervise installation 
of complex electronic equipment made for Armed Forces 


Marco Polo had nothing on Western Electric’s 
field engineers. They travel the world to advise on 
use, installation and maintenance of the electronic 
equipment we produce for the Armed Forces . . 
like radar bombing systems, anti-aircraft fire con- 
trol systems, and the Nike guided missile control 
system. 


Western Electric is called upon to make these 
things because of its vast experience with highly 
complex electronic equipment as the manufactur- 
ing unit of the Bell System. It’s a job that presents 
an unending challenge to our engineering staff. 





MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 
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Western product and development engineers are respon- 
sible for turning out some 50,000 different items annually 
for the Bell System — everything from tiny transistors to 
giant bays of electronic switching equipment. Shown is 
one stage of transistor manufacture. 
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Simple enough now, this veriical ascent was history-making in 1939. 


THE FIRST SUCCESSFUL HELICOPTER 


Just two years before Pearl Harbor, Igor Sikorsky 
took the controls of a weird-looking machine — 
culmination of a dream of thirty years. Moments 
later it rose from the ground. Though the flight 
lasted only a few seconds, the VS-300 became the 
first practical helicopter in the United States. 


Less than six months after Pearl Harbor, the Air 
Force took delivery of the first military Sikorsky. 


Since then, rapid developments prove that the 
helicopter, most versatile of military aircraft, has 
tremendous commercial potentials. 


Helicopters of the future will be the product of 
tomorrow’s engineers. Sikorsky is young and grow- 
ing. It offers life-time opportunities to young men 
who choose work where their skills and abilities will 
be constantly challenged. 


Perhaps you belong at Sikorsky — in the research 
departments, the drafting rooms, the engineering 
laboratories. 


You can remember the first successful helicopter 
— you may be the man to build tomorrow’s! Learn 
more about employment opportunities at Sikorsky. 
Consult your College Placement Office concerning 
arrangements for a personal interview. 


ll | 


IKORSKY 


Sikorsky Aircraft, one of the divisions of United Aircraft Corporation, South Avenue, Bridgeport 1, Conn. 
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Molybdenum chemicals have valences of 0,2, 
3,4,5, and 6. Easy transitions between valence 
states make them useful in controlled oxidation- 
reduction reactions. 





Over forty molybdenum chemicals in all valence 
states are available in experimental quantities. 
Write for our bulletin Manufacturers of 
Molybdenum Chemicals. Climax Molybdenum 
Company, Dept. U, 500 Fifth Avenue, New 
York 36, N. Y. 
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the idea-the machine 


by Rae Stiening, '58 


No one living today can escape hearing about 
the giant computers that are being built. These 
strange machines carry on operations of stagger- 
ing complexity at tremendous speed. They solve 
problems that no human in his lifetime could 
solve; they give answers that have never been 
known before. They are called giant brains by 
their builders. What are the essential components 
of these devices? Can we use them for anything 
other than solving mathematical problems? 

An examination of these machines will reveal 
that they are really combinations of simpler de- 
vices, all arranged to give a specific result by a 
specific method. They reach an answer by a proc- 
ess that has been built into them by human be- 
ings. We may, therefore, conclude that even the 
largest and most complicated man made comput- 
ing device is nothing but a combination of parts 
designed to duplicate an idea or process carried 
on within a human being. 

Let us examine several of the basic elements of 
these machines—the elements expressing the 
most simple human thoughts. After we under- 
stand a few simple circuits, we can put them to- 
gether to solve a complicated human problem. We 
may even find that our machine has uses other 
than that of a computing device. 

I shall explain only the “if” circuit in detail. 
The other idea-machine circuits mentioned can 
be analyzed by similar methods. 

One of the most simple human ideas is the “if” 
thought. Verbally it can be expressed as follows: 
if this, then that. Electrically it is expressed as 
a switch input mechanism, a light bulb output 
mechanism, and supplementary parts The ma- 
chine expresses the thought as follows: if the 
switch is closed, the light lights. The reader can 
certainly find examples of this thought in every- 
day life, e. g., if I see a table covered with food, 
my mouth waters. My eyes are the input mecha- 
nism; my salivary glands, the output. It is impor- 
tant to notice that although this idea may appar- 
ently be duplicated exactly by the machine, in 
reality, it is not. 

In order to show that the machine is an imper- 
fect copy of the human process I will examine a 
more complicated “if” idea. The basic reasoning 
in the game of tic-tac-toe can be stated as the 


“if” thought. If you take this square, I shall take’ 


that one. A machine has been constructed to play 
this game against a human opponent. However, 
upon matching wits with the machine, one soon 
finds that it is not thinking in a human manner. 
It does not move psychologically or move by what 
we call intuition. Obviously, it does not react and 
express ideas like a human at all. Nevertheless, it 
produces a replica that is satisfactory for most 
purposes. All the other circuits shown in figure 1 
can be classified by the operation which they per- 
form. Similar applications can, no doubt, be 
found where they may be used individually. 
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Let us take a human problem and apply ma- 
chine circuits to solve it. A farmer has a fox, a 
goose, and a bag of corn which he wants to trans- 
port across a river in a boat which will carry only 
himself and one item at a time. He cannot leave 
the fox with the goose or the goose with the corn 
if he wants to complete the journey intact. How 
would a human being solve this rather interesting 
though impractical problem? He would probably 
set up the conditions of the problem in his mind 
and then proceed to apply trial and error meth- 
ods until he reached a solution. We will, then, do 
the same in the machine. Let us first set up the 
conditions of the problem in electrical circuits. 
The group of circuits will, when completed, give 
an output voltage whenever we have performed 
an operation which does not conform with the 
conditions of the problem. The farmer is not a 
circuit; trouble can exist only if he is not present. 
Conversely, the goose is an “if” circuit, for 
trouble can exist only if she is present. The fox 
and the bag of corn can be put into an “either or 
both” connection since either or both of them 
is/are necessary to cause a disturbance. After we 
have constructed all the constituent parts of the 
device, all that is necessary is to connect the indi- 
vidual circuits in series. This arrangement will 
make them dependent upon one another and will 
set up the conditions of the problem in the ma- 
chine. In order to reach a solution our machine 
would have to contain a memory unit and trial 
device controlled by the memory. The complete 
diagram of the conditions unit is shown in fig- 
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Now that we have our machine, we might per- 
form some rather interesting experiments with 
it. Let us suppose that there is some initial ar- 
rangement of the components, fox, goose, etc., 
which would make a solution very difficult for a 
human. Let us go further to say that this prob- 
lem would drive a serious human to insanity. We 
would classify this insanity as a mental disorder. 
If we were to set up similar conditions in the ma- 
chine, we would probably find that it would go 
insane its own sort of way. We could then ana- 
lyze the machine’s insanity and with this infor- 
mation, we might be able to determine what the 
problem in the insane human was. Conversely, if 
we found a problem that disturbed our machine, 
we could expect that it would disturb a human, 
too. By the above methods, we should be able to 
analyze and possibly understand many human 
mental disorders. 

Now that ‘‘we know the cause and cure of men- 
tal disorders”, we might wish to go further and 
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-GOOSE PROBLEM. ELEMENTS /N PRESENT 
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attempt to determine just how some human proc- 
esses work. There are obviously limitations on the 
extent to which a mechanism can analyze itself. 
Because of this we would expect to have a great 
deal of trouble if we were to attempt to work 
with our own thoughts, Having discounted self- 
observation as a method of solution, we will try 
another method. If we had a machine which du- 
plicates exactly a human process, we could cer- 
tainly analyze it. From this we could determine 
exactly how the human process worked, The prob- 
lem, therefore, is to build a machine that will act 
exactly in the same manner as its human counter- 
part. In reality, we can only approach this con- 
dition. The more exactly our machine duplicates 
the human process, the more exact our results 
will be. 

Let us take a human process and attempt to 
analyze it. The example will be the associative 
learning process classified by the Russian psychol- 
ogist, Pavlov. In Pavlov’s experiments, a bell was 
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rung every time that a group of dogs was fed. 
Pavlov had a device by which he could measure 
the salivary activity of a dog. After a time he 
found that the dog’s nervous system associated 
the sound of the bell and the idea of feeding. The 
sound of the bell alone could produce a salivary 
reaction. Although we use the dog example, the 
human process is similar and any conclusions 
that we draw from the dog’s process will be prob- 
ably valid in humans, also. As our first attempt 
to duplicate this reaction, let us consider the cir- 
cuit in figure 3. If button A is pressed, the light 
lights. If button B is pressed, there is no reaction. 
If A and B are held down together for a time, the 
light lights. After a certain period of time, B 
alone will produce a reaction. Knowing that the 
machine duplicates the reaction to the extent clas- 
sified, let us see if we can obtain any additional 
information from the system. By experiment we 
find that if we press button B by itself many 
times after the association of A and B is made 
the battery will discharge and the reaction will 
stop. We also know that the strength of the asso- 
ciation is an increasing function of time. Pavlov 
found by experiment that the ringing of the bell 
alone as a false stimulus, would lose its effect 
after a time. He also found that the length of 
time over which the sound of the bell and the feed- 
ing process were associated determined the 
strength of the association. Thus we see that the 
conclusions which we drew from our machine are 
verified by observation. Nevertheless, our machine 
is not an exact copy of the process by any means. 
The biologist will tell us that our storage battery 
process does not occur in the human brain. He 
will explain a parallel nerve reaction as a method 
of storing information. If we build a new machine 
according to this data, it would probably be a 
more exact copy of the animal process. Once we 
have a machine that responds in exactly the same 
manner as the animal, we can be reasonably cer- 
tain that we have duplicated and analyzed the 
operation of the nervous process. 
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Research Engineer Russell Lowe measures <cr 
strain applied by Lockheed’s 500,000 1 

Force Fatigue Machine on test ned of 
integrally-stiffened Super Constellation skin. 
The Fatigue Machine gives Structures 
Department engineers a significant advantage 
in simulating effect of flight loads ona 
structure. Among other Lockheed structures 
facilities are the only shimmy tower in 
private industry and largest drop test 


tower in the nation. 


Electronics Research Engineer Irving Alne records radiation 
antenna patterns on Lockheed's Radar Range. 
Twenty-two foot plastic tower in background 
minimizes ground reflections, approximates free space. 
lifier, square root 


amplifier and logarithmic amplifier shown in picture 






Jim Hong, Aerodynamics Division head, discusses results 
of high speed wind tunnel research on drag of 
- straight and delta wing plan forms with Richard 
Heppe, Aerodynamics Department head (standing) 
and Aerodynamicist Ronald Richmond (seated 
In addition to its own tunnel, Lockheed is 


right) Z 

one of the principal shareholders in the Southern 
California Cooperative Wind Tunnel. It is now being 
modified for operation at supersonic Mach numbers. 


C. H. Fish, design engineer assigned 

to Lockheed’ s Icing Researc 
Tunnel, measures impingement 
limits of ice on C-130 wing section. 
The tunnel has a temperature 
range of —40°F. to +150°F. and 
maximum speed of more than 

270 mph. It is the oniy icing 
research tunnel in private industry. 
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Lockheed’s unmatched research and production facilities help make 
possible diversified activities in virtually all phases of aviation, 
military and commercial. 
They enable engineers to test advanced ideas which would remain 
only a conversation topic in firms lacking Lockheed’s facilities. 
They help give designers full rein to their imagination. They make 
better planes — and better careers. 
Engineering students interested in more information on Lockheed’s 
advanced facilities are invited to write E. W. Des Lauriers, 
Lockheed Student Information Service, Burbank, California. 
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by Snooky Klutz, '55 


Since 1892, America’s iron and steel industry 
has been removing iron ore from the great iron 
deposits of Minnesota, a total of about two billion 
tons or eighty-five per cent of the world’s con- 
sumption to date. Now only one billion tons of 
Minnesota’s high grade ore (which average fifty- 
one per cent iron) is left. Since the United States’ 
consumption of iron ore in 1953 was 120 million 
tons, ninety-six million of which came from the 
Lake Superior district, it is apparent that these 
high grade iron reserves are rapidly approaching 
depletion. But there is no cause to worry over the 
depletion of our domestic supply of iron since this 
same district has an enormous amount of low 
grade iron bearing rock. In the Biwabik iron for- 
mation of Minnesota, whence come all Mesabi 
iron ores, there exists untapped reserves of mag- 
netic taconite, a high silica, low iron content 
(twenty-five per cent iron, fifty per cent silica) 
recoverable ore. Along the 100-mile length of the 
400-750 feet thick iron formation there is an esti- 
mated six billion tons of taconite exploitable 
through open pit mines and another twenty-one 
billion tons of ore available from underground 





AIR CONDI: TIONING 


Frick Company recently completed the engineering 
and installation of a year ‘round comfort air condition- 
ing system for the new office annex of the Fairchild Air- 
craft plant in Hagerstown, Md., where they manufacture 
their famous C-119 Flying Boxcars. 

The cooling load of 245 tons of refrigeration is carried 
by two Frick ‘ECLIPSE’ 9-cylinder high-speed com- 
pressors. 

For the latest in air conditioning and refrigeration 
engineering and equipment, look to Frick Company, now 
in its second century of service to business and industry. 


The Frick Graduate Training Course in Refrigeration and Air Condition- 


ing, operated over 30 years, offers a career in a growing industry. 


Brick «: DEPENDABLE REFRIGERATION SINCE 


WAYNESBORO, PENNA. 





4g 





mines plus ten billion tons of less desirable, lower 
grade, but exploitable, taconite, 

The method for the recovery of the taconite, that 
is, the method for preparing the rock to a form 
which can be fed directly to a blast furnace as 
can be the high grade iron ores was the main 
metallurgical stumbling block before the taconite 
reserves could be tapped. Dr. E. W. Davis of the 
Mines Experiment Station of the University of 
Minnesota, who has been working with taconite 
since 1915, is the person most responsible ior the 
conquering of this problem. He first developed 
the magnetic separator which separates the 
crushed magnetic iron from the non magnetic 
content of the taconite. But the fine magnetic 
iron powder is unsuitable for the blast furnace 
since it would blow right out of the flues. First it 
has to be treated so that the powder coagulates. 
There are three methods for this. The first mixes 
a clay binder and pulverized coal with the pow- 
der, sends it through a rotating drum which rolls 
the powder into marble sized pellets and then 
sends it through a furnace which bakes the pel- 
lets into hard porous blast furnace material. The 
other methods mix limestone with the powder 
and send the mixture through a rotating kiln 
which converts the mixture into nodules or send 
the powder with pulverized coal through a fur- 
nace which converts the powder into sinters. The 
resulting taconite concentrates contain 62.5% 
iron and 10-12% SiO., a richer blast furnace mix- 
ture than the direct mining ores. The total con- 
centration process requires three tons of taconite 
per ton of concentrate, sixty to seventy-five kilo- 
watt-hours of electric power per ton of concen- 
trate, forty tons of water per ton of concentrate, 
and thirty to forty million dollars of capital in- 
vestment per million tons annual capacity. It also 
brings in the problem of what to do with the two 
thirds of the taconite which is waste material. 

Also developed at the Mines Experiment Sta- 
tion was a substitute for a drill since the drill 
worked very slowly and was quickly worn in the 
extremely hard taconite, This was the jet piercer, 
a fifty-foot high, 77,000-pound device fed by kero- 
sene and liquid oxygen that plays a 4,400 degree 
flame into the ground and shoots water upon the 
hot rock which forces it to fracture and explode. 
With this instrument dynamite holes can be 
“drilled” up to forty feet deep at eighteen feet 
per hour. 

Dr. Davis was also instrumental in talking the 
Minnesota legislature into taxing the taconite by 
the amount concentrate produced instead of the 
amount mined. Once the tax laws were changed, 
there was nothing to hold back the taconite con- 
centration. 

There are three companies which are producing 
taconite concentrates: Erie Mining Company, 
(owned by Bethlehem Steel Corporation, Youngs- 
town Sheet and Tube Company, Pickands Mather 
and Co. of Cleveland and the Steel Co. of Can- 
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ada, Ltd.), Reserve Mining Co. 
(owned by Republic Steel Cor- 
poration and Armco _ Steel 
Corp.) and the Oliver Mining 
Division of U. S. Steel. 

Erie was the first concentrate 
producer, turning out 200,000 
tons of pellets per year at its 
Aurora, Minnesota plant. In 
1953 it started a 300 million 
dollar project which will be 
completed in 1957 which will ex- 
pand the concentrating facili- 
ties, build a seventy-five mile 
railway to Two Islands Harbor 
on Lake Superior and increase 
its capacity to 7.5 million tons 
of concentrate per year, with a 
possible expansion to 10 mil- 
lion tons per year, 

Reserve Mining Co. started 
producing in June 1952 at Bab- 
bitt, Minnesota, where a prema- 
ture taconite concentrating 
plant had been abandoned thir- 
ty-two years ago. It now has a 
capacity of 300,000 tons of pel- 
lets per year and is expanding 
with a $180 million project 
which includes a_ forty-eight- 
mile railway from its Babbitt 
reserves at 1.5 billion tons of 
taconite to its new plant, the 
one-third mile long Davis 
Works, and harbor at Silver 
Bay, Minnesota, on Lake Supe- 
rior. Initial capacity this year 
will be 3.75 million tons of con- 
centrate with a possible ulti- 
mate expansion to ten million 
tons per year. 

Oliver Iron Mining Division 
has two plants in Minnesota, at 
Mountain Iron and nearby Vir- 
ginia where 550,000 tons of nod- 
ules and sinters are produced 
per year. They intend eventu- 
ally to expand capacity to ten 
million tons per year. 

By 1970, these three compa- 
nies should be producing thirty 
million tons of concentrate per 
year, one-fourth of the United 
States present consumption. 

One other company has been 
working with low grade iron de- 
posits. The Humboldt Mining 
Co. (owned by Ford Motor Co. 
and the Cleveland Cliffs Iron 
Co.) are concentrating non- 
magnetic jasper by flotation and 
heavy media separation. Two 
plants are planned, one with a 
capacity of 200,000 tons of con- 
centrate per year, and the other 
with a capacity of 400,000 tons 
per year with a possible even- 
tual capacity of 1.5 million tons 
per year. 
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..-4,000,000 answers later 


A few figures tell the story. 
7 years of painstaking analysis, research and design 
by engineers from nearly every field of technology. 
. . . 14,200 hours of experimental engine 


operation in test cells and in flight test. 


. . 4,000,000 individual, complex mathematical 


problems solved by electronic computers. 


As a result, America now has the world’s 


|| 


most powerful production aircraft engine 













— the J-57 turbojet. Careful engineering 
development like this has made 
Pratt & Whitney Aircraft the 
world’s foremost designer and 


builder of aircraft engines. 


PRATT & WHITNEY 
AIRCRAFT 
DIVISION OF UNITED AIRCRAFT CORP. 
East Hartford 8, Connecticut 
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Superimposed over this man’s head is the matrix (or heart) of RCA Electronic ‘‘Memory.” See description below. 


New RCA Magnetic ‘“‘Memory” recalls 
thousands of facts in a fraction of a second 


Each dot you see in the squares above 
is actually a magnetic ‘‘doughnut”’ 
so tiny that it barely slides over a 
needle point. Despite its size, how- 
ever, each “doughnut” stores away 
one bit of information for future ref- 
erence. And 10,000 of them fit on a 
framework smaller than the size of 
this page! 

Here are the cells of the RCA mag- 
netic ‘“‘memory”’ that is the key ele- 
ment in virtually all high-speed elec- 
tronic computers. The greatest signif- 
icance of this ‘memory ’”’ is its ability 
to deliver, in a few millionths of a sec- 


ond, any information it holds. 

Almost instantly, an insurance 
company can process a claim. Just 
as fast, a manufacturer with inven- 
tories spread around the country can 
determine what products are making 
money—and where. 

With such “memories,” electronic 
computers predict accurately the 
next day’s weather for the nation, 
using data on atmospheric pressure, 
temperature, and wind velocity from 
every part of the United States. 

The leadership in electronics that 
created this man-made RCA “mem- 


ory” is responsible for one achieve- 
ment after another in television, 
radio, radar and other RCA products. 


WHERE TO, MR. ENGINEER? 


RCA offers careers in research, 
development, design, and manu- 
facturing for engineers with 
Bachelor or advanced degrees in 
E.E., M.E. or Physics. For full 
information, write to: Mr. Robert 
Haklisch, Manager, College Re- 
lations, Radio Corporation of 
America, Camden 2, N. J. 





RADIO CORPORATION OF AMERICA 
ELECTRONICS FOR LIVING 
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“NEW DEPARTURES” IN SCIENCE & INVENTION 





LEONARDO DA VINCI'S PEDESTRIAN IDEA 


Each time the wheels turned, a bean dropped to a container below the axle. 
Then Leonardo counted the beans and multiplied by the wheel circumference 
to learn how far he'd walked. 

Even New Departure ball bearings couldn't do much for Leonardo's simple 
pedometer. But if Leonardo were designing one of today’s complex instru- 
ments, he'd call on New Departure for ball bearings. That’s because New 
Departures bring about such advantages as low starting torque and even 
lower running friction, precise location of moving parts at all speeds, compact 
design, long life with almost no upkeep. Besides, New Departure’s research 
and manufacturing facilities are unmatched. 

No wonder engineers everywhere call on New Departure for the finest in 
instrument ball bearings. 


NEW DEPARTURE e DIVISION OF GENERAL MOTORS e@ BRISTOL, CONNECTICUT 


ww 
NEw / DEPARTURE 


BALL BEARINGS 





Automatic gram-centimeter torque tester measures starting 
torque characteristics of New Departure instrument ball 
bearings. Like many of the ultra-precise devices used in bearing 
manufacture, this torque tester was largely developed by 


NOTHING ROLLS LIKE A BALL New Departure 
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Necklace of Linde Star Rubies and Diamonds worn at the Coronation of H. M. Queen Elizabeth II. 


an-made gems pertect AS 


nature’ finest— 
created with the aid of photographys keen eye 


Linde Air Products Company measures rare 
elements as close as 2 parts in a million 
with the spectrograph to produce 
star sapphires and star rubies more nearly 
perfect than natural gems. 


- 
Wartime instruments called for millions of synthetic 
jewel bearings. But supplies from Europe were shut off. 
So at Uncle Sam’s request, Linde, a division of Union 
Carbide and Carbon Corporation, undertook to create 
sapphires and rubies—with photography filling a role 
in the intricate technology. 

Postwar, Linde went even further. Using the spectro- 
graph, a photographic instrument so sensitive it can 
measure the chemical content of celestial bodies, they 
found just the right trace of rare element to create a 
deep silky star within the stone and thus achieved the 


fabulous Linde “Stars”—man-made counterparts of one 


of nature’s rarest gems. 


This is the way photography is working in small 
companies and large, in laboratories, on production 
lines, in offices and drafting rooms. It is saving time, 
reducing error, cutting costs, improving production fon 
all kinds of business and industry. 

Graduates in the physical sciences and in engineer- 
ing find photography an increasingly valuable tool in 
their new occupations. Its expanding use has created 
many challenging opportunities at Kodak, especially in 
the development of chemical processes and the design 
of precision mechanical-electronic equipment. If you 
are a recent graduate or a qualified returning service- 
man, and are interested in these opportunities, write 
to Business & Technical Personnel Dept., Eastman 


Kodak Company, Rochester 4, N. Y. 


Eastman Kodak Company, Rochester 4, N. Y. 
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How will you help to 
sharpen radar’s “eyes ? 


Exact range and accuracy of the radar 
antennas shown here are classified. But 
this can be told—the radio energy trans- 
mitted can light fluorescent lamps 100 
feet away. 

Progress in radar, as in the entire field 
of electronics, has been rapid. At 
General Electric much credit for these 
advances belongs to engineers who are 
recent college graduates. Take, for ex- 
ample, E. B. Carrillo, EE, Pratt Insti- 
tute, 49, responsible for manufacture 
of servo- and time-sharing systems, and 
G. G. Wilson, EE, N. Y. U., ’48, in charge 
of design and development of remote 
control equipment. 

The work of these young men typi- 
fies GE’s emphasis on young, creative 
engineers from such fields as electrical, 
mechanical, metallurgical and aeronau- 


tical engineering, and from the scientific 
fields of physics and chemistry. Like 
other graduates, Carrillo and Wilson 
were able to increase their engineering 
awareness in the after-graduation G-E 
program of technical assignments. In 
this program, the engineer selects the 
fields, the locations himself. And at 
G.E. you will be able to make real con- 
tributions early in your career in ac- 
tivities ranging from plastics to large 
electrical apparatus, electronics to jet 
propulsion, automation components to 
atomic power. 

For full information on the job at 
G.E. suited to you, consult your college 
placement director, or write General 
Electric Company, Engineering Person- 
nel Section, 1 River Road, Schenectady 
5, New York. TR-2A 


Progress /s Our Most /mportant Product 
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